1 RHAMNOSE PROMOTER EXPRESSI ON SYSTEM The present invention concerns
vectors for the heterol ogous expression of nucleic acids encoding e g

pol ypepti des such as reconbi nant proteins in prokaryotic hosts. 5 Mre
specifically, the present invention relates to new vectors expressible in a
host conprising the rhaBAD pronoter region of the L-rhamose operon
operably linked to a transcriptional unit conprising a) a nucleic acid
sequence whi GmsivsiobebsrabTpoxsrRECIOSavsiEwst b) a prokaryotic signal
sequence operably linked to said nucleic acid sequence, 10 whereas said
prokaryotic signal sequence is selected from signal peptides of

peri pl asmat i Frbpmeinhigveptiotehags Fotrsughr ielerdagnocacisgs of wickegni ns and i ons
and, wher eas L., eXPILas % gppéﬂﬁae%@ﬁcg S WGhBlEnarhdn SEAHBRGE: hizcont rol | ed by
sai d pronoter region. hernore the invention relates to the use of these
vectors for tiaae ﬁ@?@?%deﬁiiﬁ%ﬁcfé%beé’é%i@@ﬁs@fﬁﬁf’m&?fﬁéﬁsé@&éﬁﬂa@ﬂéﬂi’éﬁdl ng e. g.

pol ypepti des. co&%sﬁmr%mz%anMLm%eﬁyﬁﬁa&% ingate been
described for t het er ol ogous expressi on of nucleic acids encoding e g.
pol ypept i des ‘SHEHSFPUPEE BHIPHEM Epr ot ei ns in prokaryotic systens. However,
20 nost hetem®h@g&ﬂ&mge&@@ﬁxQmesﬁmaﬂm&gaLan&xhnmprokaryotic host systens
have relied cIu cteria ters. The nost
wi del y used S’SR%%?gﬁ “%a Se%”ﬁ‘vgﬁfng wl ﬁam4 @F%%g [l ac]

(Yani sch- Rermdmﬁﬂsuﬂm¢m¢@8&ﬁm66ﬂ@%@@m5ﬁ@3m$ﬁ99$§ah@fﬁheﬁtryptOphan [ Pp]
(Coeddel et gl %S’m%ﬁ% £ %opghdggl)am%@émé%&m%% prompters, and the
hybri d pronoter erive on1t esé two [tac ‘and tre] (Brosius, 1984, Gene
27 25: 161- 172%heresniin SORESIBr ¢ s§il pElEicpgg seauensh & cATTOigRY $EOFOmeher i nduci bl e

pronoter Syst;gisn, Sﬂi@tﬁerﬁi&etﬂk&exﬂ%ﬁt@eﬁ"@it&@@ﬂa@ﬁseldﬂ%ﬁd@&@s hytar abi nose (WO 86
04356), the rhammose pronpter aSB i nduci bl e bﬁﬁyﬁ%pannose (WD 03068956)

or the rhamo¥EHPEHHHER PS%‘}H%% PR TEIE ey £ 12 Bse (WD 2004/ 050877)
have beenigdescri bed as well for the heterol ogous expression of proteins. WO
2004/ 050877 ri.b rliaBAD 30pronoter for the heteroiogous
expression ogﬁﬁﬁ?ﬁi%i ﬁﬁ%é@@ F%‘ After induction with L- rhammose,
nitrilase activity in resting-cell assays could be obtained. However, in
parti cul ar fomﬁtggm%ma%& 0 BsOlocE ONBL EXDBLYREOLL RS SUER, £fcant | bodi es or
anti body fragme I's a vanta eous to export ‘the polypeptide fromthe
cyt opl asms toﬁW@ﬁME?BdWﬁQ§Wﬁ%SP@@&FF@ﬁ@wmaﬁ@@ﬁ%PW6ﬁ¥W6§Sﬁ@$ﬁ§ﬁ§i&ﬁa
sequences,;Si pe8 th%loQMﬁrg@x{eQ%%%lb@ﬁm@fﬁszﬂ%ﬁ*&é_@b& tﬁ;@c@;&tvﬂzé in@lrdll@dl n the
cytoplasmis often acconpanled % he nlsfokg . g% %ﬂglon into

i nsol ubl e aggPEHarey of F HEFHSF O HEaH 9P S n&@ {"gnal sequence
can |anuencem&eﬁaﬂﬂaﬁynamﬂa&em&maﬁm@swmuﬁmGEEDﬁmmnam%oﬁmm63uﬁQJW%aure
regi on of- secret e » t r,onr |gna
sequence in cOMbIT néﬁ{p@ %?ﬁidﬁﬂ%m et éée%a&m gondonplf\gﬁbaﬁgtﬂ’gﬁt? ko?ﬁo‘?e

product i on ofmkuh@hwudahnp@hWQémﬁﬁdeﬁmﬁTWuémcmﬁew@ﬂmgma1ﬂ%§aﬁﬁé prOV|de

al ternativg prlga'f%y%m&m%@éﬁéﬁé %&m&@mﬁ@r@ Ua%:@@{o@req}lr&g%s expr essi on

of nucleic acid sequences, SUWARY hése and ot her éﬁ%eCts as wll be
appar ent fronﬁ%ﬁﬁmﬁ%$é§3?ﬁ@ﬁd@§§ﬁ¢ﬁ¢W$ﬁ“ﬁ@ﬁ%mﬁﬁﬁﬁ“%gﬁw dhpeCEvi di ng new
\r/]ect or Is whi ¢ Bmﬁg&%x weLh Waunimk mﬂﬁ LghmbayehoeXmessi |09ﬂge Qimasdeshsed f

et er ol ogous p uct ch co r sa onot e ion o
the L- rharnnoé %ﬁ%hgw @P@Fﬁgﬁ&g%%9§¥§7 §%Vﬁﬁg%§%§ﬁﬁ Qﬁaﬁg
prokaryotic Sh@ﬁ@h@&&@%ﬁ&@ﬁnSﬁhﬁﬁmedﬂﬂﬁm&@EMTEﬁ@mﬁkmﬂeubbﬁﬁﬁaﬁﬁb

peripl asmal i ¢ _bi ndi FQIEIQS for su s, and ions.
The obj ect”'of FTHRE éE%o i Wents of Ex?rﬁsmgﬁrngﬂéﬂnt% lfl%%o%t%gehmfhém%%%QOV| de a new

vect or rhamnose, nitrilase activity in resting- cel‘ assays could be obtained. However, in pamcu ar
for the expression of complex polypeptides such as antibodies or antibody fragments it is

advantageous to export the polypeptide from the cytoplasma to non-cytoplasmic locations



expressible in a host conprising the rizaBAD pronoter region of the
L-rhannose operon operably linked to a transcriptional unit conprising a) a
nucl ei ¢ acid sequence which is heterol ogous to said host 20 b) a
prokaryotic signal sequence operably linked to said nucleic acid sequence,
wher eas said prokaryotic signal sequenc2 is selected from signal peptides
of perlplasnatle blndlng proteins for sugars, amno acids, vitam ns and
ions mid, V\hefﬁféf%m’e e LB A S POAICEY SIS B QYT SERIon 8 Ret Sl RRg B RER e iRsan

controlled bygs &t hi-Rh QYRR Ecob RGNy &%fc@&z@ytzﬂ@&b@fﬁ@nﬁthﬁmélﬁﬁe of said new
vector for the requl ated het erg%iv%?us ex ression of a nugcleic acid sequence
¥

in a 25 prokafSpoete Reugon bedisp) B eﬁi’:??? PIEBTRERE BEA 8T8 quence
expressible i &d&erﬁ@ﬁéﬁu&@rﬁwmﬁtdign trheatihaBAL: qsxrsamargﬁom@gmm fiefehdide

L- r hamtmose op%g a f:Isglgus nucl eot i de segu n l§aryot| C
si gnal segtien %@Pré%ri‘aéecflgfl SRS AP pBRT T dEY B gﬁﬁoﬁi"&é%‘r% ihdi ng
proteins for kigyad&ctidn tacaabkidslypaphidaarnims, dands & ors fo ;aomiacﬂktanmel c host
transforned wt id vect or .or N c acid
eoenoe s SoRETRbGolSH uscflgxﬂ%dha't%cg%)%?%?g?%& LoLEAL e ELELS ac
vector; and a vector corrpri 5| ng a pronoter region, a heterologous nucleic
aci d sequence .translation initiation region consisting of the
sequence AGGA T. 2a In one aspect, there is provided a vector
expressibl® in a host conprising the rhaBAD pronoter region of the

L-rhamose opey,Q0 .QRefAl ¥ |t fked o5 arat ﬁm&%%eg@mge@&hpmmve@&ﬂprI sing a) a
nucl ei ¢ acid sequence whjch is heterologous to sal ev&?(g%hém%ﬁpa transl ation

initiation re@?%*’i’%ﬁ%’ﬁ"?"%%?“ VERS MR P EEr ol oS ahSTati on of
said transcri pti@habus gidtic, aﬁcatvﬁicﬁ ioﬁi@ﬁia&hd:&ﬂBmpﬁomaﬂeh@ﬁoﬁ egh«amhennsd sti ng of
the sequence AGGAGATATACAT {g ), é ejﬁ%”n said translation
initiation redPEASELTE] ?Oélb aﬁ SHPE° 841 FAGOPE EATH YL S Ce and t he
expr.essi ontsof fRai ﬁgnﬁilpe;ttﬂbmxamﬁhssmwm pressicdintsngld, edinbycidgaiidmps onot er
regi on.and wherejn sai d rhaBAD t SEQ I D No.
1, a sequence % %é’gl a?@gt ebé)%ongf% Eclgsre?%%%mﬂ%er eofld%%and%v\ﬁer ein said
transcrlpt|onak@uwmﬁL¢uhﬁh@ﬁ@é@ﬁﬁhﬁ@@@ﬂa@§rgWaﬁ@S@@ﬁbhbéM@@@¥aﬁﬂy | i nked to
said nucleic Lx@bi? M@B%mﬁ‘é&ﬁﬁt%ﬂuﬁ@*dhp&&ﬁ%aryou c signal sequence is

sel ected from signal peptides eriplasmatic binding proteins for sugars,
am no aci ds, vq)tﬁaﬁqlwméﬁé@%?m@ﬁhé‘ﬁﬁﬁ%@iﬂé HERF, there is provided a

met hod for pr %Q%&%@c@@hﬂ@&;ﬂ&c@@dﬁy&nﬁﬁ&& s2i CRBBE bSl Bgndnbe witreps of 1 a)
constructing a vector as. d%fl ned abqve, %}Jf @g{wform g. %?Sg:golﬁﬂn ot| c host
Wi th said vect i POV RS EH TS B0 ST RGN e R T S cel |

cul ture syst emmupfiefor Siht able a&dnditimmrmmﬁ} aﬂd.eﬁmglhagxpsmzdlqﬁemlpepti de

fromthe cell cultur, er..ob ects and. adyv n ggz%%hev\ﬂs!aéwf becone

apparent to t hPEE" glgefqeaam i "?rhmn ps?xcrigir?] 3T 61 8w of T he ensul ng detailed
descri ption, \Amd:ﬂ:cwpﬁmré@d&e mhﬂdwdrh@tb@bem@@mr@smha frobiviowtihepidnbustrat i ve

d i d e fl G JRES
o 1%ehods. praSutit SROR EuEE R S.%%E%E RS A eLe ® Ate bl o
pronoter (Pr haBﬁED}*iSlﬂS@qwﬁé@ﬁD@@éﬁ?f?@wﬁ@ﬂh% W@éﬁﬁé@néé@“@ﬁ&%bl y |inked

to the light chahdyi{QrRpfs: BZ3: Hard Mlgn@%mﬁﬁaéxéez&&almnﬂa@g% th") of a Fab

fraarment, and a_transcription 10t erm nation region (7770 ) shows
pl asmi d pBLLlsp@mﬁﬁ.bwémapWS?ré%m. %%?%V‘W?M(WF%B%

sequences codi B&stfr%foﬁied&ﬁ@sm&@ﬂﬂﬁﬂﬂs@ﬁz@&&ﬁaﬂd Werkbdeedicta6idthRerdck;ght chain
(ompA- P13-CL) an f a,Fab fragnent, and a

h VH- Cl-.1
transcriptign % F‘i’g{’m m%%lpg%i’”gﬁ (]?f’ ‘§§um 585)‘%95%9\&“ EﬂTB‘f’}g{m%@%m ts

(with antl-hun@ﬂmkm@h@mmhamﬁwk@mmdafa@Mmh@@Faﬁan@ika&hme1meﬁmxmﬁmse

conj ugat ed) of ) extrac f i-hduced (-) and induced () WB110
strains mﬁth.i?agéﬁggg?s “‘§XE§§%§|3%-S#ES§IC s. The time intervals are
indi cated. 20 Fig. 4 shows plasm d pAKL14 contai ning the L-rhamose

i nduci bl e pronoter (132: haBAD) and the Fab-H genes with altered signal
sequences. Fig. 5 shows dot blot of |ysozyne, extracts of uninduced (-)
and h-rhamose induced strain 25 WB110 (pAKL, 14). Th.e tinme when sanpl es
were taken is indicated (wth anti-human [ight chain for detecting Fab,

al kal i ne peroxi dase conj ugat ed).




Fig. 6 shows a Western blot of |ysozyrne extracts of L-rharanose induced
strain WB110 (pAKL14) The time after induction when the sanples were taken
is indicated (with anti- 30human |ighiy chain for detecting Fab, alkaline
per oxi dase conj ugat ed). Lane 1: Standard (1.28 jig); lane 2: WB110
(pAKL14), id. | ane 3: WB110 (pA. KL14), hid., 5 h; lane 4: WB110

(pAIC_ L1 )@@é% 4 @?ﬁgﬁ: Wal1l0 4

(pA. K L1 On%%ed %lé% Hﬁ{;\gne 4 %&e@?&k&?%ﬁ t%mg&gn&hel . g 1g. 7

shows SD&M@thedf—rhlalys@z}bpﬁoxemteraébftlmkei toditfehgriptitnal\BitkOmptisizd ns wi t h hi gh

Fab-H anti bod concen)tgr ations. The.stra |t%%]0§0us um@g t[he i ght and heavy
[

a fjuc ¢ acid sequience s fie 0 Sai
chai n wi t hout™si gna sequences are use ve reference (lane 1:

Mar ker; |ane B V\&l&ﬁs]@ﬂcbrmhﬁtﬁﬁod-ite@éhufﬁﬂaaml)of tHe:ﬂﬁﬁa&n ;&Aﬂftbﬁﬂ){spﬁmﬁml%ab H) ;

| ane 4: WB110 (pal: ¢ ; | ane. 5: .ﬁpAKI " #é%l . ane 6: darg 2 ug.)).

Fig. 8 shows plasri'd IBAEEE&C@E“‘B’&HE%Y AP HGPHEY A B P ARPBIL ot o

(Prel AB2) 10and t heqfeabe A6GAGRITRT ABAT (SEQ BY BO. 3),gnal sequences. Fi g 9:

shows SDS- PAGE of |ysqzynme extracts. of strain V\BllOBé( pPAKL15E) in th

presence or absencBieERR PG rRLTHHNLIUGE!T 158168 & OPFRELY F‘H"éﬁldéll"‘dﬁlﬁémfll ght and

heiory chain is indieatetdiheBiBredsionNskig hucikieR&d %equ%@ 1&00041%1163%5"%51&) not

i nduced; |ane 3: WB110 15 (pAKL15E), i nduced . 10 shows piasmd

pBW22- pelB- S | corﬁi@m@tprn@g@hémlwmalﬁrﬁe@e”}m @ml@errqoz%mef e GHBERE, a

sequence coding f a sequence
%Ecgﬁgﬁh Bla% Lana dya?@lé&eﬂmgp@%gﬂn%d LK theleBr,

coding for a single a transcription
termnation regi ONgar r 3@krei?0 &I thehs@HPAVEal SDRNIPACRrher Qfoﬂ@ﬁsa@xt macts of
not induced (4) and induced (4-) strain WB110 (pBW22-pelB-Sl m&l es were
taken after differegnal seavenderiperabl linked 19 sl aueleig acrifequsaruBhag tgd |

i nsol ubl e protein MEBdic An
arrow i ndi cates th%%%%v pr e|eﬁﬁenk¥§%wbégﬁcit2f{0%n%%23?%fﬁés\?\gﬁig&ﬁ standard of
Invitro gen. 25 Fi @ndlmgpslltﬂwvsfﬁmarb,ra@anbmﬁlaﬁyas piddens dpJOE4782 ,
conprising the L-inannose inducible rhaBAD pronoter in conbination with the
genes of the regulatory proteins RhaS and RhaR of the E-rharnose operon of

fEs cli &ra : fﬁhanath&akﬂw tﬁ%r@-%tpw\@efpa,]%i&ﬂ(ﬁ?& 1{;&53&@5 péRRial A% k@stscﬁﬂbh%ﬂﬁg ]g:odl ?ﬁ
or a 9] | de opera nKe ence CO or e
b Comor et g R e e CARTES TP S 19g e

L- rhanrmsea:ui mdlgmcmlbmdgaaﬁﬁémptr ofrmﬂe:plyaapnldcan&eqmm sgamnt wnddr scodlleng for a

N tri | ase.pgabel Tecnén@quh%eamg?@mﬁpgel%%e&a £el s of the induced
Pseudononas putl a strain 440 ( pAKLP2) . Sar'rpfes were taken after
different tinme intervals as indicated. An arrow indicates the Nitril ase
protein. M= Markl12, nol ecul ar wei ght standard of invitrogen. Fig. 15 shows
pl asm d pAKLPI conprising the L-rhainnose inducible rhaBAD pronoter and
sequences coding for the Fab-M heavy and |ight chains which are operably

| inked to a sequence coding for the OmpA signal peptide and a sequence
coding for the PhoA signal peptide, respectively, 10



Fig. 16 shows SDS-PACGE of cells of the induced Pseudonzonas putida strain
1CT2440 (pAKLPl). Sanples were taken after different tinme intervals as

i ndi cated. The arrows indicate the FabM heavy and |ight chains. M=Markl12,
nol ecul ar wei ght standard of 1nvitrogen, 15 Fig. 17 shows SDS- PAGE of
fermentati on sanples of the Escherichiacoil strain WB110 (pBW22-pelB-Sl).
Sanpl es were taken after different tine intervals (in hours) as indicated.
An arrow i ndi@at égectshed sivEvages willdkmme ppardubp Kb, skiisl ecitd airfoweirgiytv st andar d
of Invitrogen.. : ( N = X ysed herein, the
foll ow ng deﬁfﬁ%%sggggtéﬁggﬁgﬁ’naﬂgﬁggé?sohﬁa%le E%%Jt) géltf@gmg%der st andi ng of
t he present iiFenet gavings anl hedierdsn cipr essible in a host" or "expression
vector” is a polynucleic acid construct, generated re, conbi nantly or
synthetically, with.a series of specified polynucleic acid el enents that
permt transchiHISARBIICK ParEEFE nucl ei ¢ acid sequence in a host cell.

Typically, this vector includes a transcriptional unit conprising a

particul ar nucleic acjid 30 ence to be.transcribe er ab linked to a
pronoter. A \L/l‘%%ﬁ 8@”"‘@?}5‘?@??&&2}%%{% CORHBEE R g%haﬁjém%e. mg“.‘”%g“ﬁ’ mglf'JJt@é(;normusl y or
sel f - repl i cat (Prgzphasqughsesao@nsim ignal sequplagesraly Vinkadgo e izl dhetr ovirus. 6
The ternms "host", .-+ t L opbi |- S

i nterchangeab%f}p TeIr‘sglg atngﬁll“r}fﬂlvgg&%én (g]%%?&ﬁ%%i%g%%T' !§}|Lr311%doaqIr illé{%gzgne or
nmore vect df s ‘oruiisiol rariedadd purified nucleic acid sequences of the

i nvention have been introduced. It is understood that such terns refer not
only to the particular subject cell but also to the progeny or potential

Sprogeny of sHER SAPEHITIEER SIS ETREEATH I RET M EBE PR eSS Chr i n
succeedi Nng gepgiade: MAEUS: dBaitbdubREs dFbkaY ORd Arhein sarreatall2idaf | uences,

such progeny not, in C i ti.cal to the parent cell.  but are
still incl udeg‘%ethﬁ?vﬁ “fﬁ%{pg%%g%% Ogﬁ%otﬁél?ﬁ%ﬂhgm{%%aﬂgﬁgp%% O The term
"conprise"isi sregengr@&).l y used in the sense of include, that is to say
permtting the presence of one or nore features or conponents. "Pronote?"
as used herein refers to a nucleic acid sequence that regul ates expression
of a transcri ptioheays datiletresalis (pito motiamar Bgit gnis firgdegpeinedub. 480§ r egi on
capabl e of bi pdi,ng RNA1RROLYIBEASE iBisds 88 LlinRBg LNkt indtddg) tramscri ption
of a downstream (3" direction) coding sequence. Wthin the pronoter region
wi || be found & MERECAHFETORPIFREPEEPOR “F P'8° PESRISH BHIHS defi ned by

mappi ng W 4sh nucl ease Si), as well as protein binding domains (consensus

sequences) responsible far bi ndi ng..o0 NA pal ynerase sugh he
putative -35 %@g?%’ﬁwﬁﬁﬁsqlﬁgﬁ‘gﬁ%oﬁ%mﬁg%if mm‘ﬁgjr’“ﬁé‘lr?ﬁ% ém%{)b&g&g]ﬁg%ﬁgéf ers to
t he r haSR- r haBADhoPeD genaswideserd bed! fegren&s. colt in Hol croft and Egan,
2000, J. Bacteriol. 182 (23), 6774-6782. The rhaBAD operon is a positively
regul ated catabolic operor which transcribes RhaB, RhaA and RhaD

di vergent |y f rfimf ot heibie pEyoperchirckRaSRe G h aabpteR R ieis< 346 bp of

DNA separ atd ngyiiheiax2 25 eSReghd WMen thans GeleRld:0R irslakt (Sinl8SmnumkA8st haSR
operon encodes the two L-rhanmngse-specific activators RhaS and RhaR PdaR

regul at es t r arfé& PoptssH Do AR T WHET SHY SKAS bi nd DNA upstream at -32 to
-81 relative to the transcription start site of rhaBAD. Furthernore the
rhaSR-r haBAD int ereeni ¢, oper.on cont ai ns. CRP _bi ndi ng .si t . itions -92,5
(GRp 1) rel at 16 CPB e RS PRETSR T BRP B St LB PhiRias BTl b i g
sites at posi tihaisl4. 92e bm36hd CRIZRY) phentibadpl¢:CRR: Brendnthditd s, (Bit{ €RP 4)
relative tg,t r rgggi St Lte of fha.oR.as:Well . as,8:Hi ndi ng
site for %Rqé%%%nn%raﬁ%l - ri&%c%iaé’éﬁah \p/grfmfloa ﬁ%}eﬁfr adn'scr% piglé%r] start site
of rhaSR Wt W12} kel BAD DhI¥GHidt @rkiegi ioh OF lathe W2 AanHesld). 6Fet BriTei's e t the
rizaBAD perm w310 mAKLI4), ind, 7 h; lane 5: W3110 (pAKL14), ind., 12 b; lane 6: W3110



7 consisting essentially of the rhaBAD transcription initiation site, the
putative -35 region, the Pribnow box, the CRP binding site CPRl, the
binding site for RhaS relative to the transcription start site of rhaBA D
as well as CRP binding sites CRP 2-4, and binding site for RhaR rel ative TO
the transcription start site of rizaSR4Wth "rhaBi LD pronoter"” is 5nmeant
the pronoter of the rhaBAD operon consisting essentially of the rhaBAD
transcri pti oripA%RE &) 8hhidined; WEhE (pAE R pet mB53kegi on, the Pribnow box,

the binding site for RhaS and the CR21 bi ndi ng S|te region relative to the
transcription start site of rhaBAD, and the inding siteCRP4 or a part
thereof rel atis & Stes PREPACE RS SFPTT SRSt adEfam g‘métg Wﬁ%ﬁ‘h Hg bR neans

" Cat ?bol i te regatatnaRherh: stram@BBc‘ﬁhdtt% tt@flifgﬁtﬂmﬂ B0 dued whthouk Aighear t ?;Sé
"cyclic AIVIP receptor protein e as e anlng Pis a
regul ator dr &F%ﬁeweg%h‘tﬁ“ RECGE aﬁvewcﬁlnf'ca"fﬁ\bl\% I/Eﬁ{/é%e%hn%é}'}%z% Fates the

act| vation of}m?a&ttahmﬂ}c}mmemmso ghthzast-Ehent4rfanmgssiopgeens: 15 An
"enhancer" u e that acts to potentiate the
transcripti Oﬁwg}tﬂgp/}ﬁg cr| Qtsl%%%aﬁnf 't independent of the identity of the
transcriptional unit, the position of the sequence in relation to the
transcri ptional. suQldor Bhid1806h ERLALAN kil LANEAG er FhRIAOPLOTS Of

t he present i'nVent | or}l? optional Iy 1 nclude enhancers. Transcri ptional
unit" as d%edﬂnﬁéfr@e‘lafhﬁrgéﬁ*eef“féﬁﬁléff%lstﬁt}cllsel“@cﬁm d sequence that is nonwly
transcribed into a single RNA nol ecul e. The transcriptional unit m ght
contain one gene (hon or two (dicis i C r.ore genes

(pol yci st roni ¢§ % I%‘Q’EV“ g%%% ?Qﬁ%@i“? THATY Y SPat g{"’ggﬂ %@‘@ﬁ&?t%&*@ mol ecul es. 25
A. nucl ei c acprekesequeaaes: m;ﬂhu mcp)eeradmlhymtelTﬂeedsmommmeihgbtimi iphacednisnto a
functional rel o) i ther E“ﬁ a C r exanpl e,
DNA for a si gn%fateﬂ%eeg(%gr%% %{égrgﬁhfv@ éjg) g“%ﬁi ?%ér?&a%g%gfel nif it is
expressed las @ABLépPRordicallt hat participates in the secretion of the
protein; a pronoter is operably linked to a coding sequence if it affects
30the transcri ption of the secbéence or a translation initiation region
such as a ri bBEoHEBTsmEERY SBVf-E-TeB-Serarisg hi rkeants bsuicredel aci d
sequence- encogbRBteL s s@uerde @;@hﬂg pepirkga; gni néﬂttd&: SpcROS hkARel::5Rn@s t o
facilitate transl %’[I on of $ng$§ﬁ% .. Li nKki ngj can_be acco éshed S
by |igation at*CEniVéntént ?‘?eas”t 7 d) P8¢ PPt FIEREeE P NG exi st

t he synt heti c ollgonucleotlde adaptors or linkers are used in accordance

WI th conventignal, pr | Je N I uence" or
"isol ated andgﬁ ri %ﬁ:ﬁ nuc %?gggiu?d&g?&w %ucg%gagdd&@s%%ég)n%gﬁ as referred
in the presentWilhVeRMi26mei GhtSapaleDNae twfferdﬁf@wwieh’%ﬁﬁ igdicaksd case the

nucl eic acid g, tohcte@ﬂ@nam@&tﬁn%%e@% tys%mlne%taﬁm% e%aM?z%&% it is
usually DNA. DNA which Is referred to herein can be anépfg eoxynuel otide

sequence, i ncPEdY Hgicate e scfpripica- \éﬁt‘fi&?“@mia@ﬁﬁbtls
doubl e- st randed DNA V\her ein one or both strands are conposed of two or nore

fragnents, doubl bat h. strands have an
uni nt er r upt ed *h %ﬂ g‘tO%(ENA%t m&@ﬂi}ﬁ%g%ﬁg}?ﬁrlﬂcg ?))Inenaglfmﬁor e
singl e-str andemﬁupbtletfmﬁmpsn)mmmﬂ zrommbmmmmme et quisk ef B¢ reandedopemt Ry s) ,
doubl e-strand 1€ [ end 4 tary,

doubl e- st rande %O%Er e]!h%n OQ&%D%% C%pzcg@ g%hep%%}nwm%l% Frl%}i{"

conpl enent ar y cowiintadeauen@NATne v aMal stgpal rertids e ﬂblﬁﬁt?mddl tmeaﬁuwodmg
(*vale:lily, crgsge bimkedi.ONACDNA., 15 chemi cal ' y- synt hesi zed DNA,

sem -synthetic DNA, biosynthetic DNA natural l y-i sol at ed DNA,

enzyne- di gested DNA, sheared DNA, | abel ed DNA, such as radi ol abel ed DNA and

f1uorochrone- l:abek @ﬁw%mt%mpﬁiﬁpﬂsz@nmﬁm%oé@ﬂ{d@cﬂﬂ@ﬂt‘aﬂﬁﬁ Etr oftblel
occurring species of nucl A equences can be synt hesi zed by
standard cheni®® *ﬁ@@ﬁh” mn$6¥33§h@%1 “t he phosphotriester nethod or
via autonmat ed synt hesi s net hods and. PCR 20 nmet hods. The purified and

i sol ated DNA. sequence may al so be produced by enzymatic techni ques.




RNA which is referred to herein can be e.g single-stranded RNA, cRIN A,
doubl e- stranded RNA, doubl e-stranded RNA wherein one or both strands are
conposed of two or nore fragnments, doubl e-stranded. RNA wherein one or both
strands have an uninterrupted 25 phosphodi ester backbone, RNA contai ni ng
one or nore single-stranded portion(s) sand one or nore doubl e-stranded
portion(s), d.ouble-stranded RNA wherein the RNA strands are fully

conpl ement ary, doubl e-stranded RNA wherein the I RNA strands are only

partially cogpl nt . al ent .y _cr.ossl,in ; 2 jggest ed RNA,
sheared RNA, g%de%ﬁi‘“ Sasgqée%q%%?zlcg@ S eﬁnggﬁegégugﬁ%&n ge?ﬁdﬁ%éﬁém% c RNA,

bi osynt het i ¢ (RNAF2patrunialdeye-12i30 fiss SifarudrRIAvHabdldd=RNA 278tich as

radiof abel ed e, AACIhUOLAGH! SIPMAPELRML BN o RABeROBERKMRG One or frore
non-natural |l y- occurring species of nucleic acid. 9 Wth "variants" O
"variantsof a sequence" is neant a nucleic acid sequence that vary from

the ref er ence;seqyencs Ry LONSENabiMe HUChehG@phditsuhstil yhhans, wher eby
one or nore nucleic acids are substitut i

ed by another wit amne
char act er i st PeSSeaNEF &19196 SR edipas gea‘éfsa“(}\gﬁﬁ B gfﬁ}éﬁggﬁegaﬂ%&a He &,
sequences Wi tshyugek edd@ns tanbin NS er:l pedi andsseyomne @sing bete Bhadodi-ti ed
sequences exhi bit the sanme function (functionally equivalent) as the
reference sedHEePREYsed herein, the t Luis "pol ypeptide", "peptide",
"protein";c "polypepticlic" and "peptidic" are used interchangeably to
designate a S9fies,.0f sHTbROsaeLH: LaR HES SONRRGLEG.A0s Lo thasot her by
pepti de bonds Hetween the al pha-am no and carboxy groups_of adjacent
resi dues. ThepABEM) Sewpkaved 2hmdiput Frmegonutraises Berardsegisate” refers to
the state in uwhiGhnthevnuehehsnActidns 8auenee: Whdidculeeidnhstaeeandance W t h
t he present invention. The nucleic acid 15 sequence will be free or
subst anti al | yufFe®tof material with which they are naturally associated
such as other nucleic acids with which they are found in their natural
environment, Qr .the enyj in.which they. are. pr red (e cel |
cul ture) V\/nenﬁ%dé Ehc’ﬁi“rs g%é&%t&%gﬁtfﬁmge 5% Se&f:nglte ?%%Bn Sc}f“%gﬁ%o hdsgmg S)?Jég%i sed in
vitro or in vipRdzz2a2Fhe Strerliesvetd plemsiia difgtepigme hiervaln f &' or
introduci ng a0l el G AR ALOLR Br 0ok §ELhidenglie. ANy g60sa swher ei n an
extracel | ul ar nuclei ¢ acid 11ke a vect or, with or w thout acconpanyi ng
materi al , ent®r&ogenhost cell. The term"cell transformed" or "transforned
cell" neang the cell or its progeny into which the extracellular nucleic
acid has been_introduced and thus harbours the extracellulat nucleic acid.
The nucl ei ¢ aBERRFRAPSCRETIORMPTFRIEET H the cell so that the nucleic acid
is replitable either as a chronosomal integrant or as an extra chronosonal
el ement. Transfornpation of, appropr.i.ate host. I i LE.0.0. an expression
vector can beiﬁ&% s eceh()jhgby 'gv%ﬁﬁu!a?(nﬁgﬁm@u pﬁ%?dﬁ‘gaéd%%%%%ﬁgge ﬂrl% croi nj ecti on,
el ectropor at i emierspadity €ke plrombinaggoremel t or by chenmical net hods such as
Cal ci um ph%sphat e-nmedi ated transformation, described e. g. in Ivlaniatis et
al. 1982, 30 Modlecular Goning, A |aboratory Manual, Cold, Spring Harbor
Labor at ory or 4 ‘Wesasstiolen sgjost” ygguerese Yt 1pt BEBEHFS 2SN ADTEC ul ar
bi ol ogy, John s\Wlev 3a8:iSens e sykkiciiel @rel 0geussauatelgmatdchcgiequence” or
“nucl eic acid sequence heterol.ogous to, a]lm_hos%'.' : a nuclueit%c?ci d sequence
whi ch encodes SEmys BaR=ayPRCEPiGR ohf BEHFEE D& 58 SHUFSt Y5dst e that is
foreip to the Thpstiy(hibeier bkngausaexiiioss imntonptisithetaicokogdtt scipr oduct ")
i. e, anugcleic acid.sequence origi-nating fr donor. 'S ghent.fromthe
host or a }fchéﬁ“iugéﬁelofeg[yhsfrhee @%%}%n%m%éet? gp‘ﬁcmlg%}‘g‘e"cfg%ﬁ%{ggﬁlﬁvcﬁgg%codes e. g.
an expr essi on opt edugtan suchmasshactpal-rpleptitidést:iat cdswidf oregghvEs ot he host. In
case the host r'étgwf‘?.usparti cul ar prokaryotic species, the 'neterol ogous
nucl ei ¢ acid sequence is preferably originated froma different genus or
famly, nore preferred froma different order or class, in particular from
a different phylum (division) and nost particular froma different domain
(enpire) of 10organi sns.



The heterol ogous nucleic acid sequence originating froma donor different
fromthe host can be nodified, before it is introduced into a host cell, by
mut ati ons, insertions, deletions or substitutions of single nucleic acids
or a part of the heterol ogous nucleic acid sequence as | ong as such
nodi fi ed sequences exhibit the sanme funétion (functionally equivalent) as |
Sthe reference sequence. A heterol ogous nucleic acid sequence as referred
herei n enconpds seys dgstneldst wlicingi EoosdiuerivesBragisndnbnntabmbacidi f f er ent

donai n (enpi rt@)mpameaﬁ@@%o%%nz%kxh% oﬁé&m&%@t@g@l@cﬁa@é@% ﬁ%@&ym' c origin)
such as e. g. human_anti bodi es which have been used in %e di spl ay

libraries andm%?mﬁﬁ?EﬁH%W%@f@eﬁﬁ@@@ﬂ@yééﬁﬁ§ﬁ@@f§1b&ﬁ@dﬁﬁmﬁ ﬁ@blelc acid
sequences hawanbeﬂanmnﬂbhbeﬁpﬂﬁﬁmﬁdhﬁguﬁ@bmnﬁomﬁ@ﬂ@ﬂwﬂﬁﬂg&mn@f a
20pro|caryot|c host uence r ."signal peptide sequence" refers
to a nucl eic & cﬁeﬁy%féﬁuéﬁ%g \‘Rﬁ?l%eﬁer@%lﬁ Caaonf ¥ PO HGCEEP eS8 W ®hce (i.e.,
signal pepti di} tpribsentatiat ortelrerdiint2: tzeTumcad sucb broge@y nay sot i Bibebens that are
nornal |y expop, 3 n .l ocati.on 25secretion)
or to be msrrb?i éanﬁga E&/oﬁ %gﬂ? 6 *’ dg‘% Siﬁ){ma%?% e%indffjro i f%Eetsf@ergﬂtars gsr?%port of
prot ei ns frometdire cytoplasn1to non- cytoplasnlc | ocations. "Transl ation
initiation region is a signal region which pronotes translation initiation
and which functions as the ribosome binding site such as the Shine Dal gat no
sequence. ‘80 TEPiHRs EITHET ohERE R EET B sTeypiowiude. Erids & epremididgience whi ch
causes RNA pohy#Rkasacbpmbetdhpabechhanseri ption. The transcription
termnation region is usually part of a transcriptional unit and increases
the stability of the raRNA... 11 "Antibody" refers to a class of plasm

pr ot ei ns prodﬁmﬁdﬁ@yaa&nﬁdammeuhguahmﬁheahﬁﬁu@amsmsk@ﬂhﬁih@ﬁm@&kmulation by

an anti gen. N?H§§J b d I es N bul.i ns..of the I1g G
M A Ear Dc ass‘phélrjﬁl&% er rv%‘gtgrzg‘%;“tj Egtodﬁ as Ulljase e ng%ca% Cgmﬁlfbﬁ g‘lélg of this

i nvent i on 1f nchaidessass ygtcell sndpgtiating ﬁmlsfemﬁmoof asioFstton@l dirasttch bodires,

monocl onal - antb Ao @8 in@M drorh Hi-QLYR vk Qﬂfohx%oﬂkaﬁs%nﬁﬂg Imfi‘t&”uQn gutibodi es

present in autoi mune di seases, S such as di abetes sclerosis and
rheumat oi d ar PAFERPRLY §&5m58 bY ma@ing HithBhql @oathi B Bl %§r(’t”ffh3§n%%40@ﬂaht i body
structural u n(cbpsleﬁsukdf&me&)ees@&&md @b i@l AMBIL poReRsd <@l A R Kty CONposed

of two identi [ eptlde chai ns, each pair having one "light"
(about to25 |g§ég£ ﬁﬁ§8ﬁ% 5 chain (about 50-70 IcDa). The

am no-terronal portion of each chaln i ncludes a variabl e region of about

100 to 110 or. {aﬁn&@o 10, 2G1cdSy, e;%ﬁ' ,Jﬁngfﬁ,?&?o@g%]@ il Lf @f%; gen

recognition. The carboxy-term na tion of each chain definés a constant
regi on pr|narﬁpvﬂﬁé@%éﬁ@ﬁwp%ff%%ﬁ@Wf@éﬁbﬂfﬂm%@ﬁﬁéhﬁﬂﬁﬁgﬁpp%%aﬁns are

classified as p@s’iﬂv@@ﬁ gg%@am@ahd cﬁ;@?@gﬁhml'ﬁ@%%mgpﬂ!aﬁ%ﬁ%&m\t&g@gi as

15ganmm, nu, |ta, or_epsi and define’ the antlbody S |soty, pe
as 1gG |gM F@%mq%ﬁfgﬁa@%@a e@&eﬂewwﬂwywﬁnﬁrmﬁ grretaadheavy chai ns,
the vari abke adigbctenstaniioh gl GRS TAE Si.aFRbFesh daybad heltwo LOBIRANs0hecalout 12 or

nore am no aci chain al so | ncl, jon of about
10 nore anlnoa%“mggRiqgﬁﬁ%ﬁgf?%%%F@ﬁ??ﬁ8ﬂ§“P§mﬁé‘ﬁ gﬁﬁgﬁﬁ&ﬁ%@%% ant i bodi es
and bi ndi ng fﬂ%@ﬂamt%M$meﬁﬁnﬁl*ﬂ@waﬂdﬂngmﬂ@a@mEﬂE&nfmmﬁuﬁeﬁsmﬂgbﬁ chain

fragments, Fr G:Iﬂr %@Q&éﬂ?}ggrf ﬁgo%a o%gg@%gss%RPmﬂﬁduﬁf%gtm n%?csing 15~ 5' ?(F]I& anti body"

i ncl udes such non-nat ural ant
anti gen- b|nd|ﬁbmﬁéyﬁéﬁ§@éﬁmaﬁ@¥Bﬁﬁwésfdmﬂéﬁgwﬁéﬁﬁﬂgmabﬁyw#@%ﬁ@ﬁ -l ypept i de

chain. As guchersinghes eliai 9) At iRk LS ALE.Ql thg%%g@&nasb&aemmusﬁr si ze

t han 250Ia55|cal I'mmunaogl obul ins_but retain the antigen-specific binding
properties of *aftl BAJiEEE sit Hgt ek eraring 2at9 156 dildes ta fhs Spgantpn gaedef or a
variety of dikfewent applications, including for exanple as therapeutics,

di agnostics, rgsea tools etc,
9 V\%?ﬂe“fugz%}ib promoter region of the Lrhampose operon” is meant the rhaBAD operon



The term Fab fragnent is sonetines used in the art to nean the binding
fragnment resulting 30 from papai n cl eavage of -an intact anti body. The terns
Fab' and F(abl)2 are sonetinmes used in the art to refer to binding
fragnents of intact antibodi es generated by pepsin cleavage. In the context
of the present invention, Fab is used tp refer generically to double chain
bi ndi ng fragnments of intact antibodies having at |east substantially

conpl et e | i ghtusdutide esdRtidie aife dhdihtwarimbh eitdomeiin sheguthfivect emgiof, or

ant i gen-specifjg..bindin DAl f 1 ght <h, i n const ant
regi ons suff itg“l %?193 bv?g&fr%?%{g?%@ggé%gpg\tli%%ﬁgélh‘cfg{l}ém??%ﬁt ggﬁr% tcﬁgiyy chai ns.
An exanpl e oftrasuchtidEal it el bedel 7 Elerndpesitcsdil 2-4 gg8igindggisénce
240(4855), 1038kl 1 ASLADES0n AR {0 W €viaikp QEnihe ! 9G i di ot ype
m ght or mght not contain 5at |east one of the two cysteine residues that
form the tiwo PHEEH: BHATH °8ibs (ePid erBonesitive et He e W BhBavy chains in
the intact i iRl sildsaddativEab rigagmepfiscansy, obred: by rgonpl exi ng a

full-length ubstantially full-length |ight chain with heayy chain
conpri si ng t%ﬂagé?ﬁ %%%%’dﬁ‘féﬁfﬁ%ﬁﬁo‘éfe “é%tgtﬂ%t S E%Af‘rﬁieﬁg@flg%%e const ant
regi on. | n addidtiedIiRP HiddegCid ERIMonapacyistEirdaivo m hdremndctighvh sehaitenfmay be
replaced wt hw,gﬁ ine or 1l0another amno acid to elimnate the interchain

di sul fi de bond D&t ween t he heavy and |ight chains according to the present
i nventionl? Further enconpassed are chineric antibodies which are anti bodi es

whose Haiti aqehfeavy. enaiNi.9808s, Hans been  CORST M8 dne Ly Ri<calily by
genetic engineering, from.inmunogl obulin gene segne ( segnments

n 1 mun nts (e. g.,
encodi ng t he {-MFiTalre” T o hishers S8 GORTECHE Fegitn g™t 1 & IEBR ST e egi on) ,
for exanple, behkongibng.tiosdirlioreni&Reeies hekofyRxanplBslicbhgoaaidhabl e (V)
segnents of the es froma nmouse nonocl onal antibody can be joined to
human constanf‘*q‘t?%?r EALE™ such as 1gd an 1g&4. A typical chineric
anti body iis thus a hybrid protein consisting of the V or antigen-binding
domain from a,muse anti boc 6Ll .2¢ W Qm a human
anti body. Chi fer § (;‘ax‘lﬁ%t %Sﬁgg“ﬁe%gzﬂig\?%mtgﬁg%%&%gg%u%%%%gr gupﬁ{’u é\igi sPeci ficity
and af finity aesaintouseiicrdepmie: ofignAamare dntiaboeyiorhat: e puiiges: t he
vari abl e regi @QuSc Rt ReABL PNt B, o d ABR:RALE BOMYuendNElUdes
ant i bodi es having vari abl e and constant regions (i present) derived from

human ger ml i n&CHESGT AN TR ISRIEPRE §°IRe PR ei t her natural 25or

farti fi pi al s en_gi neer ed affi ni ty mat u_rati on.. Human anti bodi es of the
o obe o SkhEn TuP2s S5 Fu LSS ok Encatet, Y. pum oon- 1 e
speci fic nmut agemerigiite nsingid RIGA mviebye. Sonedrsaiphutamit ofghi ¢pnizinay genbowever ,
the team *humad ALDRNY: wdPE8ulbRO) AR ARMIRO ARk il COR sequences
derived fromthe gerniine of another nma ian speci es, such as a 30 nouse,
have been gr afftustiowht Blakvd peliretifandwbirk sequences (i. e, hunani zed

anti bodi es)s. Functional variants of such "human anti bodi es", e.g. truncated
versions thereof or engineered muteins where em individual proline or

cyst ei ne resi dbBEIHAGS SHEERE BngirHeB ey e HeSA & UgEA™E i ¢ engi neeri ng
wel | . known i n rtibgrnaid willd @oeRceIRassedqbycd he defpl DNA fork3iganidhant .

Exanpl es of such may . be .fo e.q, . .in. WO 98/02462. However, .the tetra only
Folates to tnd: iy BEe A Ente i DT ok R R Bt By

gl ycosyl at i on th# scotfiaro! themicgak promdicf & ogtdbdriingéd t herdpe ptandse bdekbone. 5 In
one aspect, t ent | L .- ibl& in a host
conpri si ngBOt hgs? ﬁ%ﬁ%%{;%lroof%\ég %‘“ﬂggéf%ﬁa\‘%?@%ﬁgt%%%ﬂ r?%%%g%sg%%rogdﬁ% oper ably
linked to a trmdesstpisiopndly linkidio eowmird sidrgoayceasndiet eigc mbbebtisediience
which is heterLagous & Qs S0 ROsko: 3r RE QKAIYOLI1GuSgRal. SeaHance
operably Finked to said nucleic acid sequence,  whereas



10sai d prokaryotic signal sequence is selected fromsignal peptides of
periplasmatic binding proteins for sugars, am no acids, vitamns and ions
and, whereas the expression of said nucleic acid sequence is controlled by
said pronoter region. The vector according to the invention is preferably
an autononmously or self-replicating 15 plasm d, a cosm d, a phage, a virus
or aretrovirus. A wde variety of host/vector conbinations may be enpl oyed
i n expressi n@ytitrdionechoeiwicdisdc®eqiend eshoficstihig ciirvientiibric Usef u

eXpressi on VLl teor 0L E%ARPEer: KBY. AN StharOf v ERERL G Qachllf OMOSOMAL

non- chromosomal and/ or synthetic nucl ei ¢ acid. sequences uitabl e vectors
i nclude vectors with speC|f|c host range such as vectors specific fore. g.

E coil as veliuasic 8@t @rgncicbdla %@u&&@’&g“ﬁ&&& ﬁ@[ﬂﬂ%e@ﬁ&&uﬁa&d%?ﬁﬁcg{ns usef ul
for Gram negatlve bacteria "lLow as "hi gh

copy" pl ast nid¥8 SERAHer EEE *ﬂﬁ%‘é‘frﬁﬁ%\}’é‘é’%@s‘”@bpe%Rxgm\%‘)@bp%é@* in E coil
arc: pQE70, pREDMLAE thpidel addIrAENclRCoid hequpll MasaEd (ﬁ{[a WWdetior en,

Phagescrl pt Vei en, . pl \ 16a, pNHI8A, NI - 146A 25( St r at agene
Qoning st el PRI Py EGea e Pty SRRty 1o
(Phar maci a Biigshtdaghs g Imcb‘e»)tm,@m%sxngiéﬁhémﬁ@ﬂﬁpBR@%Z%;:&&MA V\{hbrﬁfh()lg,

PKC30, pRep4, “E} C ~RRS et al.
2001, Biot echngpr(%}%an %éogﬂg&)?%gegﬁng%&%gﬂ ngg%3§ é derl vates ther eof
such as plifsniigropBR 2r Pabstrds pavp pawrpidrpikirtdphRigretierkbors P pl asmids are

wel || mown tocaiaf%%l %E§%§Q§J§!eh&ﬁﬂeé Ebz%lJSh@s}%ﬁéon@%@I &udesehbbed e.g. in
"Cl oni ng Vectors" sevi er, Ansterdam New

Yor k- Oxf or d, XGE5SE. dpﬂ%? @W@?ﬂbvée@'ﬁw YB? Wﬁéﬁ@%@%ﬁ% PIRPEHETNS ar e
aut ononousl y mwseirimé&]pi\?ma&mm@e plha’ﬁmad(&,aremﬂf}@axﬁﬁlﬁffcﬁfnﬁ%ﬁ 1€ ek ors With

specific host h as ors CI fic.for 14 Mbst
preferred are” ﬁﬁen“ 515518 %2{ "’%Wﬁ%s E%%E%ygl@c\ghd pBW22 or
derivat es 1t heqmemfcal%;ueﬁmras&zqdmssﬁ&byﬁ@p DplAl, Godydthstic DAVAp axttrpityuibdated

pBW22- Fab- | - Loid AKLLA 5] r

enbodi nment , E%Q%%& ?%ggﬁérﬁ%g%%%ﬁkgﬁ%m? Iélf\%‘ ﬁggﬁ!nrgds}gabg%ﬁ}g% %g t he

r haBAD pr om)t %il‘tﬂf% TP lﬁi@hj PEG] v A prrafiaing ek s ryeabmestiralviopeuring SBARF pr onot er

consists of the.8604encen SRR MOve k ﬂ@sé@%%&%@rﬁ%ﬁéﬁﬂ&@@?ﬂhﬁégf&hereOf and
variants thereof. Preferably the rhaB;mD rompt er region e L-rhamose

operon, the rﬁ*&‘BﬂB%?%ﬁkﬁw@%ﬂﬁﬁf“ﬁ%mr%%"aﬁ?m%?m@ PYRg of the
sequence SkEQ kBN, Tik prafiSeqUeNtE 1906 QaRkeIRRT Ad)b: hRereoby anthasari ant s

t hereof are f{ m t he L-rhai nnose operon of E. coll. In another preferred
enbodi nent of “tHe iventi on the vector expressible in a prokaryotic host
conpri ses apaRNAfwioen it réerrethaBAD: pronste Fnglegiaoid 8NAL (RNA AMBtaroséd( net ri c,
operably Iinkggy &&b%lstafaz?dl%xu%éla{'%e %{}' %sangéﬁﬁéog%%d% yenges encoding

the L-rhammose-specific is activators i ncl |ng t hei r

respective nafkameng W}t@éﬁaﬂé@&@}é‘ﬁn‘(i@ﬂm PpFon belk preadsdporinaheieRPpas and RhaR

proteins cgnt pRlspdRRs@CTEadyr0 Vctlmnﬁch@f@é%%gm& @Jmad@%oﬂ%ﬁlﬁ%&&k' c signal
sequence sel ected from signal pe t| es of per.i 'asmatic_hin proteins

for sugars, affiRYCARTHSSTHTE BHTRS: SR T oreded g et Rie & %%"’I‘ie as Pel B
(aw: Ma 20 chr ySRBbafem et ighR-stitd SER N AeG 80k RN Pelafis(:Brosynk@acar ot ovor a,

Pectate | yase precur or) t nas S te lyase
precursor), La‘%)a‘ ‘Enf:'e CQW%ICEOS% mrar#%gm %%g?;%@%%mz }Eﬁegﬁ%%f

Mal t ose- bi ndi BN, @heemmﬂp{smdmsi@@fi)\A Bhhaepithstic Eeﬁd}msbrﬂh@amgega,tmﬂppA (E.
coil, Peripla ' ) eriplasmc
trehal ase %r egﬁ%ﬁ@%@%&%@? o 'lP}a é‘g%lgégggn%d%u%éfrége lﬁ&%d mgl ndi ng 25
prot ei n precuRddyonia@pgios O’E?Gfeéﬁﬂﬂam@@h %¢M8Wv1§é@fawgﬁla | dase
precursor); ArgT E. coil, Lysine-arginine-ornithine binding peripiasmc
protein precursor), Ml S (E. coil, Al pha-anylase precursor), Hs' (E coil,
Hi stidi ne-binding periplasmc protein precursor), XylF (E. coil,

D- Xyl ose-bi nding periplasmc protein precursor), FecB E. coil,

di catrat c-bi ndi ng periplasmc protein precursor), OmwA (E coil, outer
menbrane protein A precursor) and 30 PhoA (E. coil, Al kaline phosphatase
precursor) can be used. In a preferred enbodi nent, the signal sequence is
selected fromthe E. coil signal peptides LarnB (Maltoporin precursor),

Mal L (Mal t ose-bi nding protein precursor), Bla (Betal otto-nese), OppA
(Periplasm c oligopeptide-binding protein), TreA (periplasm c trehal ase




15 precursor), MpA (Periplasmc nurein peptide-binding protein precursor),
BgDC (Peri pl asm ¢ beta-gl ucosi dase precursor), ArgT

(Lysi ne-ar ai ni ne-ornithine binding periplasmc protein precurSor), MlS

(Al pha-anyl ase precursor), His. T (Histidine-binding periplasmc protein
precursor), XylF (D Xyl ose-binding periplasmc protein precursor), SFecB
(dicifrate-binding periplasmc protein precursor), OznpA (outer nenbrane
protein A pr &Gthr'yerspisaad vekoaoL { alleats FansghospHet ﬁ@eﬁe@@@@mﬁs‘@ﬁ)ﬁmﬂ'hese are
particul arly qusefilcf0hn-Ret LRl -RARHSLEXPLES Sib@utofk, Fher®Qble ox MREL preferred
are the E. coil signal peptides Larnll (Mitoporin ecursor), Ml E

( Mal t ose- bi ndPHEC HrE1ET HoPREEGY SOF: W%%’B@W&“‘i%@ﬁ%%ﬁ?@ 5“0?’?3@9&5 teri pl asnic
trehal ase pregurs@hdratcd efegks, (sbciséSﬂcBQ\&&Q:lel%hd%k@a%&hi(}ﬁkﬁmbbﬂé@k aghperiplasraic

t t r at e- bi.ndi
Voot par L1 Cul 615t SR APt ot g G SHORED Gl e T )

(I'vlaltopori mpeseursor) and Mate (Ml tose-binding protein precursor). In
case a dicistronic or polycistronic transcriptional unit is used, different
or identical signal sequences operably linked to each of the cistrons can
be applied. Prefariabiy Wdidmpeinehrepsignakrideqirrees “mheetidetaiin such a case.
15The signal SeaURNGERS:AGuBE. SRLONA: ke L 0 LALAR SLORMURE LAES A T he
present invention can be obtained commercially or synthesized chemcal l'y.
For exanpl®, BFgRER oo ces’s barncp & eipht agp seeraeiveryryRy *lertthe solid
phase phosphotasi-¢lite Mester nethod described, e.g., in Beaucage &

Carut hers, Tetrahedron Lefts. 22:1859-1862 (1981), usi ng an aut onat ed

synt hesi zer, as described in Van Devanter et. al., Nucleic Acids Res.

12: 6159- 6168'ﬂ&@ﬂé)mo&&@@ﬁhﬁhﬁ@hﬁ@acmﬁd@ﬁk@ﬂﬁuﬁﬁgﬁﬁkdeshﬁ@ﬂdﬁﬁeperforned by

ei ther native Y el.ect S| Y,,.aRl Of- HPLC as
descr1 beq | n PearisR R @ #SLLRIERERLE o Rl B Al BT RE
t ranscri ptl onsiucnes Wﬂlé?e@@@r@lsm‘im@ﬂi e op meser tvith mehthEore wswaElyl y furt her

conprises a 23LsAnskaki Qhnd @hftzaagcmeamﬁ@fgfc%eya%mmh@mm initiation
point of the translation of said transcri ptional unlt sal transl ati on

initiation reGVBREBRST &t FHEPF IR E NS BHeRT ENEANCATATAGEY VISEGED NO. 2),
wher eas sai d frensbatsivgRechiiitanatdnafoQ@H-0Rd isviepeiahly |inked to said
nucl eic aci d sequence. The sequence AGGAGAT. ATA CAT (SEQ ID NO. 2) is
usually located upstreamdirectly adjacent to the initiation point of the
30t r ansl at® onTioftetly Etrts@nsativg” ’pt‘t'ramffatne@j i tintadriucihg camich ecidihE, 2 1GHGBr FTC.
Usual ly, said C n r ription
Corm nation 1 agyans bR G0t Hakbo i BRI SE8:AW L BSRELE 190 | 106,
tip a, tR2, T&Panpapying mpgiialispisrsg hpstsal waréf‘éﬁlbt@msfom%@* tapgormed

transcri pti Onahy LRLMAALOL: 1%%%@@%0 Bich88 durTNeINBLRE 8L PERYSNUC] ei ¢ aci d
sequence accordi ng to i nventi on encodes an expr essi on pr oduct

that is forei WO‘?‘HE‘?W@t%é?bOLF%h%@&?@W‘H% THAEt 2% Thp ek S BEP s peci es such
as E. coi |2t habeteing il scRaguenadeofcid BtQLesE ckifr mFﬁazﬁE@Bﬁr ably from

anot her cl ass. I i keit %%gg. r ot eof? ter| such as f1‘ gl gl[skhol deria
sp., in parti SHEEF 7% a“éi’%?%?%% % ?H’gﬂmﬁéoaap% e 28fefi a, and
nost particul sfthErom mrmmeymcmbm@mim suedl kaswvmagimgk sich gs parti cul ar
from humans. | ht be

nodi fi ed accor %@’ﬁ%ﬁ%um %’Qﬁ ongﬁggg%&%%%ﬁ%%gscgeﬁ&?ﬁg&ﬂo t (Salg%lgogons
sequence accofdicHg Mgsape- HHP%@WHSfPW%m feseritied e.gsin daniptiszer ge R 20f | nt er est

The gene of; | Rigsest cRLBE ol Bk eNeedes @ Sbﬁtﬁa@o%éb@ﬂ%wﬁﬁW@ﬁﬂﬁ:&@? such as
a structural, e%ﬂlator or therapeutic protein or G term nal

fusions of stit r'atse @@ﬂ?oagt%?‘?}e%larPWE’E&B@WW‘@}ﬁﬁ‘do%‘)é? n with other
proteins ("Tags") such as green fluorescent protein or other fusion
15proteins. The heterol ogou.s nucleic acid sequence m ght encode as well a
transcri pt which



can be used in the formof RNA such as e. g. antisense-RNA The protein
may be produced as an insoluble aggregate or as a soluble protein which is
present in the cytoplasmor in the periplasmc space of the host cell,
and/or in the extracellular nmedium Preferably, the protein is produced as
a sol uble protein which is 20present inothe periplasrnic space of the host
cell and/or in the extracellular nedium Exanples of proteins include

hor mones  sucfiBegogennpisidroriionesngt oWelldcasticryemn bticralszepiedéeal  growt h
factor, anal ggsiG rﬁ&!@éé&ﬁ&&&n&é HeEeneRkenhal 'm@mp%gaméau&ls&% achynot rypsi n,
antlbodles receptors to homones and i ncludes as well proteins usually
used as a Vi gﬁalapqnﬁii%& P RIER todhghos rl’é@F?]GngW%‘@@ﬁtGfp?%%r‘éi?iﬁus 25Ct her

proteins of d@&tetste :ﬁ;ﬁ@ie@ra@l\dﬂs&u&ﬁ@&{%{na&@g@i@@{ hi&of @ﬁf@@m FRORE Lost RRGFR,  ETG
NGFR, and VE elr oteins are groteln receptors

and include & %\%é@‘ ‘R“‘”re&él&%?%?m %eﬁién%ﬁ’ﬁh%te%‘i?g?sﬁ ¥ BLBPIBTT HHE] al pha” -
and [beta)- admﬁmeagw@mmﬁmemmﬁﬁﬁ¢gﬁ%@m$ﬂﬁdﬁ@ﬂaﬁmhameﬁ@ama&namdwRAP receptor
I(ﬁgleu dg |gon Cl %%ﬁ Lﬁl@%@*nrologous ﬂu%ﬁ!ggc@l? %uugc%’ls Gr%;éragifyl & 8&%}7% %F%% pr gtoel ns
nuscarini ¢ r eseptoofagily, avet yrkiotl fomer @@@p@rdv@r G@Bmm@pﬁmg gI ut amat e
receptors, angydop AR BSEPLRAND (R REuERLRO) Hiterll RmaflmpiNOSs S, 401, 629
and 5, 436, 128). 2H?B§ﬁotelﬁs gfsfﬁleresf are gdhe?ﬁ%ﬂ‘%fo ei ns such as
|ntegr|nslosérﬁﬁﬁmﬁg, and i mmunogl obul i n superfanily nenbers (see Springer,

Nat ure 346, 48B1433i0bck9ethsic @&@djﬂ%ﬁce C@4ihatiB2 frod « adobr {EG9QFomkynRg, Cell 69,
11 (1992)) theégﬁ%gteugs 315 cytolcin s intericukins 1-1 through

iL- 1 3. tumdh e GAe P RS BREAR B b STl pha]

[ beta], and [@ﬁﬁﬁ&hmmtwﬁn@egmﬁmthm&aﬁﬁﬁﬁhﬁ&L&ﬁLﬁﬁEﬁkb@ﬂﬁﬂ*KHQQkMHy
stlnulatlng fa tgr on ting factor
(G CS?) (see *Huré as ?%gﬁgkgggjﬁ%XE%S$% %an@&%z %ﬁ%%g ggearch
Aggsavval 1t Tabrcf@ﬁ&se Seq@@ch@mblogcgém@mqaﬁﬂ@ﬁﬁh@@stmnfmm@m 1991). O her
proteins of inLeresks ALGHHBIGAGEdM Qﬁm@aﬂgg frcﬂﬁ eheelitdbaky MB3aGREers, such
as, adenyl cyclase, guanyl cyciase, and phosphol i pase C ags _are also
proteins of i fPHEERESEICHTH “ﬁ6%@%%%%@6%5”%@69@?%”%@”?ﬁﬁe?ﬁgﬁm& Adfe of human,

mlarmal i an or ame}k@ervy&tbeh Qseglid Ha gl d@fab@;rm@& @icﬁfﬁ%cﬁ&@gﬁ?ﬂkle@%ﬂ&s orilﬁﬁh_ asI .
gl ycoprot ei ns r bohydrat e rom r obi a t hogens: th viral an
bacteri al , Hﬁg g ast E?mﬁﬁ%?gmﬂ§m§&%8gﬁ?@ﬁ@§£ﬁ?K@ 3H§ﬁ%§%ﬁ pr ot eases,
polynerases, ﬁehyﬁm@ganases, nucl eases, gl ucanases, oxi dases, a-nriylase,
oxi dor e, duct ases, Hanes, am dases, nitil hydratases., esterases or
nitrilases. Preferably, the heterologous nucl ei ¢ aC|d sequence, according
to the present&@HW€ﬂW$@nmfS@éﬁ@@ﬂé%%@mﬁ@iVﬁ@b@ﬁd@dﬁhﬁﬁkhwwgféﬁéﬁly an

anti body and @%&esagﬁk%ﬁgldm%nfamfl%agﬁﬁmepmiel;\pﬂ@@ﬁttat guhan i@ohungn anti body
or a humani sed anti bod nmore particul arﬁéﬁt hunman Fab fragnent i s encoded
e

by the nucleléﬂgéﬁﬁmﬁﬁh@%ﬁ@@m“?ﬁé@ﬁﬂﬁﬁﬁ3 éﬁﬁﬁﬁﬁméﬁ8ﬁﬂﬁﬁ B the nucl eic

aci d sequepce sécseupmf @rnabiembahé heho@ah G paftdbody tfragaBnts @ human
anti body fragnent t}%t was gr af Hgd wi.th.at | east one CDR from anot her

marmal i an spe&Pddie YEPRT BB FEPEEPFdiaiPEd enbodi ment, the human Fab
fragnent is a fully human |i nCAL-Fab as obtai nabl e fron1an artificial,

consensus-frane tlflcally
randomi zed in th ﬂ%fﬁﬁﬁggﬁggggyﬁ Q£%Q9%%a %ﬁ%xr%ﬁﬁ%%%%ﬁ%%@kﬁﬁ%&ﬁﬁf Bi ol .
296( 1), 57-86. kg famowhey havhaopy méerr’ﬁétﬁu@msﬂwnemwv pRamIse- t he,

optional lyschineric, CDR grafted, 25 human Fab fragnment is a non-HuCAL-Fab
as opposed to the litCAL-Fab deflnltlon in the foregoing, which in case of
a fully hunman “EEBSCFFiE FERErdraiapiiss e smeencharch (s REATSE eSS t he

HUCAL consens lﬂ&m&@&%@ﬂ@%zﬂ‘oﬁmwskﬂ;ﬁbﬁteﬂni‘ﬁ&ﬂ&Qﬁcq@DBuﬁﬁW%@a portions are at
| east 70% nore prefer i i i

85% no fe 5@6|dent|cal in amno acid
sequence to tH Egﬁﬁgfmv@wﬁﬁ?ﬁﬁﬁﬁgSﬁ%ﬁ*8%ﬁ%?§n ‘l'ight and heavy chains
germ ine- encoded sequences, 30additionally and nore preferably that its
CDRs are directly obtained fromnaturally caring atnornic sequences of
| ynphoid cells including genomc affinity. maturation events.



The Fab fragnment is preferably derived fromall 1gG anti body and does not
contain cysteine 18 residues that formthe two inte,rchain disulfide bonds
bet ween the two heavy chains in the intact irnmunogi abuing In particul ar,
the heavy and the light chain of the antibody or preferably of the Fab
fragnent are encoded by a dicisgoriic transcriptional unit, whereas each
chain i.s operably linked to a prokaryotic signal sequence selected from
signal peptides 5 of periplasmatic binding proteins for sugars, am no

aci ds, vi tam‘ﬁﬁﬁb% dr 08 a%ﬁ%cﬁﬁ “Lﬁl&t%] Aok angatd Qs bhdilakdon re4. on
upstreamof t tiation e translation of the transcriptional
unit. Prefer atstep aﬁprﬁ@nglﬁmgqy&ma}mgeq Mieopak (- o AlupreyizBiPoeishgt st s of the
sequence AGCAGATALSGA: (SEQ U;M,\l@,ﬁ&)D o140, B tdrhearpr@Sentusddmvent i on, the

order and the distance in i ch the signal nce and he heter Iogous
nucl ei ¢ adi d PE@GIEHER BYEtigh W&Hﬁéﬁ’“ﬁ? “ﬁ*t?%té%éﬁ'ﬂf"é% &1U8H ?79‘8‘%“8?1% fc)an be
varied. |n prefebreeicsrbedirmnbsiss dnmalt@mﬁadlesqmqummcmmmnﬁm difaapst ream) to

Lhe nucl o, 26k, TESHPNCS, SNE0UNG o B ISR RERLEHE, Syl erest The
pol ypept i de dfie batcentbsly canhensepacat edobyrizergang. BBalsoutsr 000 am no

aci d sequence ShEGU Y B g CRs BOTy UL e o1 S rant o difectly

adj acent to dadDetdéene "heagy” chaip fabait a7 aﬁéﬁ*‘éaﬁi&@ﬁf‘é‘ﬂ@ﬁé’émﬁ%m eachpr ef er abl y,

the rhaBA D %&H‘B@cﬁ&vs5%%9!315’5{&91&E&%ua@@roaibhw«ﬂnb*ekﬁﬂow@@m&m ptional unit of
the 20 vector of the present 1nvention consists of sequ..ence SEQ I D NO

3, a sequencePaipt Bé?ré'ﬁF%F VP HBI B0t eaﬁﬁc‘%ﬁlﬁﬁﬁ’é’mﬁﬂ &t @81? e

preferably, tcﬁﬁstﬁh@ﬁ&@rﬁﬂi@m@fenﬂitﬁ@ﬁoﬂdﬁreﬁdﬁt(fuzﬁdﬂ@nOper ably |inked
transcriptio

[ or. .o resen ent, onsi st of the
sequence SEanEiﬁﬁEﬁmsﬁecgs%ga @érkfgjaé}f)}rﬁ%ﬁ ‘garrgn EM s%rege%s?ﬂg%d variants

t her eof . Ak sozeemeonpapse deiayortehg! Oprae@@ﬁnethﬂwmdvgwow«'ﬁﬁ%} e luf a vector
according to Re.} YeNLIan.] AfiuliGal £04LaY 6N LLOLAOANSEXRESSS] On of 2
nucl ei ¢/ aci d* sequ nce In a pro otic The expression can be

regul ated by #hiradudt" @glﬂxkoﬁﬁ’?alﬁé sﬁé}f%:%}ﬁ&i“l’ sl v gt ey sPekaRy ot i ¢ 30host .

Usual Iy, the ggggﬁga,@fv régwﬁlf&@ggoﬂpﬁﬁndrmlmcmﬁdl um of the cultured
prokaryotic host is between 0.0 i and 100 ad, g&&gf er abl gﬁbetmpen 0.1 and 10

g/ 1., nore pr&FEPEEPYPORREREEHC T"%‘rmw%aﬁ? pdie AHEETRENT er ol ogous
nucl ei ¢ acid 88dlie ENERne ReRdesndiothaa fpalypept kaineys miFe fdBeps.ef erably for
an anti body and nost preferably for a Fab fragnent, whereas the heavy and
l'i ght chains of the antibody or the Fab fragment are expressed in equal
amount s, t hus Theadi ‘Riggit-ohdn ghibebh centss aitch oprsnasfal kutvety omeds ki body or Fab
fragment. In parf)c og t@rmﬁﬂcﬁ%m%ﬂzg%gohp&qﬂﬁbgﬁge@m@%ﬁﬁ@'s§d§1q £@fgl body nore
particul ar a hunman ab fragnent, 5 particular a humman Fab fragnent as
descri bed abov@ﬂ%ﬂﬁéﬁ}eﬂ@éé\dsw fipgde- %ﬁl@ﬁ@?%@%@tfsofﬁ%ild@ﬁféf%ﬁﬂﬁ sgaffélence. In

order to obtaiR:HGAmeRCeN:aki 0Rs th@fantfgbtﬂﬁiahﬂﬂﬁhau@'ﬁrbpbﬂﬁyof@.ﬁtﬂoﬁa& f ragment
it is essential to have a&ﬁe qual, .amount o ht .chai ns bei ng

expressed. | n SEgEEFHENBIUE STV EHAIRS %"dif\“ifér‘”g?‘g il(Q,g(ﬁ aﬁ%&% “t he ot her
chai n, non-r edugigy € tiaizphucnm begiskiie, :aveirghiold s@runor eacti ve aggregates can be
built, which is undesirably. It has been surprisingly found that with the
vectors of the present invention high titers of functional antibodies can
be obt ai ned wige eas Forftagmyeiysoiownaned it ise of ioover e vddisatpdrigheuldre heavy
Chain or i ggg}.m e N1 Jeda

Usu. al |y, Fessﬂm%za%% éav Oggl#%#aa gﬁey%ﬁﬁ%&ﬁ%> §reQ{Een%tt)ﬁr%(Legssed anmount
of antibody orinfglt iorfﬁg“-tﬁﬁﬁéméﬁ"‘égﬁ@?bP@§@é6n‘§3§ﬂ@“§ﬁw%?°p‘ﬁdﬁi’f€je%ﬁ?aﬁgIT’Ft or

heavy chain Orbh@éogthxtmngﬁﬂéétﬁha\ﬁ@ﬂngh?abhmm&@&%z&eﬂ%@ﬂgﬂoﬁga&@& The anount
of the heavy and _|ight chains over duced and. o ecul aar wei ght

nol
mrunor eact i ve “WtedgEREE AP DB RYES aPEd *hyes: ?’lﬁft%‘f*wl‘l?g BREF AT & Df the host
expressing the anti body or the Fab fragnment such as |ysozyne extracts of
the cultured host cell using SDS-PAGE or Western blot. 20




In still another aspect, the invention provides an isolated and purified
nucl ei ¢ acid sequence expressible in a host conprising the rhaBAD pronoter
region of the L-rhamose operon operably linked to a transcriptional unit
conprising a) a nucleic acid sequence which is heterol ogous to said host 25
b) a prokaryotic signal sequence operably linked to said nucleic acid
sequence, whereas said prokaryotic signal sequence is selected from signal
peptides of pesi phiasumbicciobbininrgicpr fof @iigs-shoific Sligags andamiing tadids,

vitam ns and i pns and ereas the. expression of. sai i d sequence
is controll e&z"(gva?’ﬁ?adﬁ %O\ﬁ%ﬁ%f‘@%‘m? %‘éﬁ“&"ﬁaﬂﬂ%ﬂmﬁqﬁ%@wm G%Fm? %ét%:’rgmﬁe preferred
pronot er r egicbiins. Mbaxenpie ef el Bl s debreibidsiobatrad: sddndEpiciehicadi(#Hiael ei ¢ aci d
sequence 30 Cﬁwﬁﬁm%ﬁ@yg b ol B8 RGUERER £OPL SIBNLALYbhEr eof and

variants thereof, i n particufar the i soT at purifi ed nucleic acid
sequence cfonﬂh';mﬁfi@bi@E@OI@‘EN@m@ueﬁ{h@éWéh%é’ﬂ esmshendiftiiieyother eof and

variants thengQf., #0sh h%(ft:ﬂla%!élu@tﬁe 1&1{&% dn&%@@o%ﬂmamamumﬁ i-ed-mued ei c acid
sequence consi sts of SEQ ence conpl enent ag% 20 t hereof and

vari ants t heri&ard byrRer e§‘8ﬁétﬁb]de‘¥%’ B‘E‘PFW HYSRirRp a8 gty “EhYtice of this
invention caniRecdsakiat g vareeudiagd.nie; sisandan didiRipsraicaentat rgnd. met hods

wel | known i art. Said purifie guence can further
conpri se onenIBF‘E}}HHFéhe‘r%&ﬁﬁn‘é’f‘ic?wm?é)&%%gsclha%gm}k[f’?dWﬁaNCé WERESY se.g. an
enhancer, 10SUablhy aeip lay edelfrdratetiitentexipied 9ilith bofi betveephotuotzsémboded by t he
nucl ei ¢ aci d lect host cells successfully and
stably transf%r%%beﬁ”&%q%m% r%%%%%%h%rg the isolated and purified nucleic
aci d sequence of the present invention, a gene that encodes a 10sel ectable
mar ker (e. g. Eme&h&h@mﬁaﬁ@mt lﬁit:bbd:@ss»)mahamatﬁé}oﬂimwwmdmb@daﬁdhh@ythe host
cells along wiith th | ei ¢ erest.. The gene:t hat
encodes a sel S8t 4Bl & ‘D’” Kér'm Cheq %q&#%g%%él%{uwché“\’/e%%or &gon11 he

i sol ated and pue ickhedk {H%IS@I@%@M@I&ZB@@@W@@B BEOTIFELETEs SHRERS §° be

co-introduced Q.3 ePaLake «f QM ©1:d:inOR @SSPk & oY 8GLR I, hIALIRUS)
sel ect abl e mar ers can be used including those that confer resistance to

anti biotics, Wtsd%ﬁfgﬁ%gﬁ?&nﬁm%éﬁ*ﬁm%?"é} FEHRY AP { BEF AL TERR W%Fhe anount
of the anti bi @(ﬁ)ls&ﬁﬁm Q@oh&ﬁl@gﬂ}l %ﬂlg@$ desita edmih aﬁﬁ%&ﬁxetﬂ@s@hﬁﬂﬂﬁm&@l ective

condi tions. sel ectabl e marker is rter genes
such as fl uor é@”‘é@ﬁ%oﬁﬁ%gﬁﬁ? EERY negﬁomlgﬂ’ﬁlcélﬁm i %bﬁ Vyﬁos?” ?fs al ong
with the mscl emﬁ:ana&dmaB@m@ntui@épmmnemsmiasmwe(&mdeme troiglt @rd¥zne t he
efficiency of tr f ool & sthe RESSERtApvention is
to provide a p?ec@qsya% ost “%Bsgﬁg%%?ﬁ‘e %la \%ec?%? of thelapir esent

i nvention. | nra"%wfhew1i®ﬂ3’enbodl ment of the i nvention the prokaryotic

host is transfgg gﬁ@‘h\ﬁﬁ:@m@h@f@ﬁn@kﬂ&@ﬂ%@ﬁf s&R0idelya@8h1dUna SHAsEniRM b i,

preferably with asmd Cll 4comor|3|ngtwodfferent codin reglons in
its dicistr onlpéesé%%ﬁ?%@% Ff%‘ﬁ hysan sEREe (TR IR PERTPH PR e ST BT B

het er odi megd ¢ PLELEI, r&ngﬁeaﬁd@lfﬁnktom-uﬁ@d’nl gstehmamdes @ftheﬁmﬁ&bon ®riefigrabl y such
het er odi nseri c pr otgl n.is a (biI anot he% eenbl%1 qu@m Sg%m% .invention the
prokaryotic hd&t™ig f“FlgﬁeéfnSfrei%o e%\%&t%m%%ﬂfl OIEtETS ed Sucl ei ¢ acid
sequence of t hemppedenkiuded venhiane: sB0 Aponilid evipgmesetiy vioh prso%mtvot i ¢ host
cells can be uged for, 1\}{3? 9#%55& @Hﬁm%%e@?%b%rinc@&detaﬁ%oﬂ%ﬁ@h% aci d
sequences of this 1nven ion. ese hosts may 1nclude strains of

Gram negat i ve G jeguentere Aertisd Bom digleermiiprio PR i ABRAED SHC G ost i ti ve

cell's such,as Baei hivggeea%%réi 5@@&@%%@.%%5 eherabliye. niheihostierll is a
Gramnegatlve ceII, nore preferably olt cell. .E. coif which can be

used are e. g. @ﬁ@“%f%ﬁ%é’*gf@l“ Wiﬂtﬂ?@dmmgt"%‘}cm%]’?ﬁ%mﬁﬁ}%f‘e rfganmi, which
are commerci al &ngm@v@ahﬂ@mw@% eﬁzaﬁldibﬁu@?‘foaddt@dysﬁéinarilheeswe@[aﬁgﬂe&@he

Sammi ung von M | froorgani smen und. Z 1Iculturen o asséé % \{v%n
Germany). Nbst rererabE  YEET6 ' “ul SH ITRES AH 8T % PR ght ™ ght not
net abol i se L-rhatnnose. 5 A host cell which is ordinarily capabl e to uptake
and netabolise L-fnamose like E. coil mght be nodified to be deficient in
one or nore functions related to the uptake and/or netabolism of
L-rhammose. Deficiency in one or nore functions related to the uptake
andJor netabolism of L-rharanose can be achieved by e.g. suppressing or

bl ocki ng the expression of a gene coding for a protein related to the

upt ake and/ or netabolism of L-




10 rhattnose such as the gene rhaB coding for L-rhaninulo se kinase. This
can be done by known techni ques such as transposon supported mnmutagenesis or
knock-out mutation. Usually, the prokaryotic host corresponds to the signal
sequences chosen, e. g. in case signal sequences of E. coil are used, the
host cell is usually a nenber of the s@mre famly of the enterobacteriaceae,
nore preferably the host cell is an E coil strain. 15 Further provided
with the presents. Eryeisiobnch saaederied: A0 pyortaei Myreaerpbi ety de in a
host cell, C%ﬁglslt %xﬁmtd%gtﬁa%e Of sud) PRSI EdRNGo BnY 86h Ot 0PI
transform ng a prokaryotic host with said vector, 20c) allow ng expression
of said pol ypbeichenimngiigerm g S§Etem under suitable conditions, d)
recovering said pol ypeptide fromthe cell culture system The vector used,
as well as its construction. and the transforrratrlto?[ctI & prokaryotic host
are as defi ndPPaRBHe, PAFEFE IS RRP RIS T YSIE “H &I 2t U T S &qlence
conprised by ridepyesioar raghe nhbdB&aamnEe oypepdpedey Hikeé farabiyytiche
pol ypepti de produced is an anti body and nost preferably a Fab fragnent,
wher eas the RESSAFPAREE |i ght chains of the antibody or the Fab fragnent are
expressed i n & hewckelatid eaghdngy eighis banrlpgouegual hestount s, thus | eading to high
concentratio L s teecna@ASieRkd cul ture
%z %Sk%;kéﬂg 51%:918 n%ma%tob Q‘gﬂ)?/hz@{ed Eabg Lhaghen sg%

systemcontin I nous ture such as bat cul t e or fed

bat ch cul tur eaié skt peel sgurs LI §°F 5e PerERRIePFPALHEC g’fl “Pacteri al
fennentors. %ﬂtmsctﬁjsh%rsaﬁtﬁin&m|\Jtthfmﬁtbllaﬁdl&%@ﬁd RhceRvienkirenal ofedi a as known
in the art such as conple g E T_nutrrent yeast broth nediunt or a
gl ycerol contfﬁ?lﬁi:ﬁ%“%‘d??fni‘%’s‘md g ﬁalflepdo%ci}erl%e@h% et 22 al.., 1995, J.

Bi ot ecl nol, 39, 59- 65 or a mineral salt nedia as described by Kulla et al.,
1983, Arch. cro 135 I i.ng out the
expr essi on of hgé{?%} rBSPYBES *'ih?:l‘émnt]gn Bt ‘%Eﬁ?a%%g m(l:wgrg}&ngm’r# ﬁ&dﬂa’%lg%%{é nor e

pr ef er abl ys t heasnidk crvndies b edinbypr ti(t@?l’t"‘iﬂ’uetf'1 wilde yarpiygghostectoRj ot echnol . 39,
59-65. 5The mpdi um L%QLFRI t}e@%pﬂ?éd'tt_ft L8tk 88: BPRELRRNEAEQuScd of DY 1d@aioag further

i ngredi ents such as fers, Salts, vitamns or am no acids.. As well

di fferent nedvefpxnesne FEPERHS SENHEdy £TEE P! BREGERE HGPPRE2 A% cul t uri ng
of the cells. Ruekarabldor S}t'nlf}@ttmleidmib@@dmﬁ& hasiievaredinmdis haikd not

i nclude L-rhammose, _in order to acthr eve . a. ti %§ c?gswgﬂi Vecmg% Ahe L-rharano
se promoter r &G BFEVIFHERRSER S OGS ATy Hdded GFfer“tRe cul ture has
reached ameap&bﬂipkﬁdst&m%eiﬂh@&@@rsd&f;ﬁtétﬁdi@!@nﬂﬁgati%aﬂmﬁtutOB’ sypStem Usual ly,
the anmount of . L-rhannmose in 1. gﬁgr Lhe. qultured prokaryotic host is
bet ween 0. 01 a'ﬁ&%ﬁ)pélafwegr ettﬂ%rla H]B%er{a\%veen 0.1 and 10 g/1, nore
preferably 1 and 5 g/I. For batch culture the usual ODsat is usual ly 0.4 or
hi gher. Appr ORLd At LRk ANYES IR i€ r,gézm@ 5080 %@Ts@ﬁﬁ@i@e SUQLAGEN Inc.

approprlate culture tenperatures are between 1

4%1%;2 e{_& bly between
20 and 37C. TheBaeirst Werrndalsaret” idum ?W%Asp‘i%lﬁa@ﬁ P kes unti |
the maxi mum ag@ﬁ&trer@tlc@ﬁi@rS?ﬁﬁtﬁdm@f @eleeot, pHas AT et AL, @UR 5400 ¢f18E abl y bet ween

i oy casad SromEe HHepinde o e el e P o s T R e o

cul ture usual |p§(e};€'%(m@m@d rcadings, pREF toh@and it (FfimeeiBl. g4l cul t ure nedi um
can be produced with a for . resent

i nvention. %ﬁommtlo o l%e’rﬂgi@gﬁrg1 rfé?ﬁ%:’ \ngst}g %ﬁgat%%égrﬁ%?sou?ﬁ?epgﬁﬁgt ch node
expr essed prodﬁd\f 2{Fab Htepam@m-ﬁ}ieﬂ Hesthat setpbrsaics wan b X9/ tof BRffENt at i on
brot h, preé{?rasplll‘t}!d:ﬁ‘?r{n%ntaﬁ@é} o desGlodd o 0K € pEeferakt yeoneviiam 48 o/ | can be
obt ai ned ol | ow ng expression in the host cell, the expressed product such
as the pol ypeptiscier, 6mspmprtereof-eaR % HeR- be recovered fromthe cul ture of
host cells. Wegtdepot N‘Q&Rﬁ'&s&ﬁ1r@f:nﬂoﬁttaedrze;&iqcxa&etmrrmnqgﬂcﬂhgrbrammmar ns, the
heavy chain and the_li ht chai n, are. noi t ly iﬂeac ; XPQ&% sed Ln.t host
cel | and secr eEBHPEHEE Y?éirofsﬂ‘l‘tﬁs?ﬁ“éf ?sﬁ’é‘n\% P = The " stPgnal peptr es encoded
by the signal. sequences in the expression vector are then processed from
t he i munogl obul i n chains. The mature heavy and |ight chains are then
assenbl ed to form an



30 intact antibody or a Fab fragnent. In order to obtain a maxi mumyield of
t he expressed product the cells are usually harvested at the end of the
culture and | ysed, such a.s lysing by |ysozynme treatnent, sonication or
French Press. Thus, the polypeptides are usually first obtained as crude

| ysate of the host cells. They can thep be purified by standard protein 23
purification procedures known in the art which may include differential

pL ecipitati Olﬁ'mst p@ér@@.@ﬂe@BR&?@lﬁfl_@hfmmﬂ RARIYY1 84, pmsmma@w\?m or .

chr omat ogr ap ctic el.. el ect rophor.esi (inity, an

i munoaf fi ni ¢ ‘%%? Bﬁ¥éﬁﬁ§ﬁﬂ%%§§em%§kFﬁkHHW#E %Hﬁgiﬁﬁﬁ% y practiced

met hods are ﬂaﬁbnlbedpmﬂqn@pgKwausubel et al., supra., and Wi et al. 5
(eds.), Academic Press Inc., N Y.; Lmntnocheinical Methods In Cell And

Mol ecul ar Bi ol ogy. For exanple for purification of reconbinantly produced
i mrunogl obul brspreferr@ambidagidintssEA heyreanehe g theilfheehowioprot Wimgnoaf finity
chr omat ogr aphy, sy, 2% PARRA0E « LS QUOR A COL WM LCONGAHNE RY pdmb&ShAswicch has
bound thereto target nol ecules to which the expressed i mmunog| obul i ns can
speci fi cal | ythgisprehence GER TP Py héﬁeqegrﬁeé?mweeﬁ@’ PSENUEAYEREPoN i s a vector

expressi bl e ipRRHost z1@9&@5@@5@%@@5@@%@@@b&fbn,oz@@m@mwmbm&ed to a
transcri ptl onal unit conpri s

nucl ei c equence which is
het er ol ogous *#%* EﬂwgﬁﬁégfmmfﬁTgﬁ ﬁ%?@ﬁqﬁﬁﬁéaﬁD (g i oR*FEGi on upstream of
the initiati esumpehaiarofhetdiend vaansd iﬁtrbcmare Gbmsed drikfindse grscof Ptevional uni t,
said translation initation region consisting of the sequence AGGAGATATACAT
(SBQ ID NO. 2), whereas said translation initiation region is operably
linked to saildembet gFracihdodeegquetibenemton thevekpressitdric sprosardcnucl ei
aci d sequence, %orqﬁ{%g bk 65 By r}'?a@z{@ REYDLL oeﬂ& ORardbie G&E&%E@ﬁv region
m ght be an inducible or non-induci bl e pronoter %lon Usual I'y, an 20
i nduci bl e préw%%éﬁ&ﬂéﬁPﬁﬁW@FH§f€§F§BBFW@méﬁeﬁ%ﬁﬁF% S EEIRRESHAFCi bl e

promot er £egiena0f: 2.6 atabak i lzz%m@i@@ FRR rda&gt@xelnm@eﬁdnegmeaﬁee&s arRALt er syst ens

such as the | actose sclw Perron et ne 33, 103-109),
pr R oL AR IR R R e v b
287,411-416) pronoters, and the hybrid pronoters derived fromthese two.

[tac and a-c], (Br.osi . Lus, 1985,
Gene 40,183-1 rmm?m%CFQ$ﬂ§4ﬁ%%P |vgﬁ?$§ém ﬁ%ﬂﬁdﬁgggbmgggﬂggggens such as
t he araB pr ormtteins fonsget. g byd%WWIW@OQN\@%WM% 6)ch et Bl (EREimtos e
promoter nh a%ﬂ}s!ﬂﬁéﬁg' @cﬁtet?\)éserp%ﬁ@&? @e@%%@@ﬁ%)&, BkialREse rRRFAD pronot er

regi on of the annose operon present _invention can be used.
Preferably, post W@&W@%@WPQ%%PWT%W wrecueﬁe* b dr @B ffor e preferred
is the "r haBﬁQcms@mMem (£.egl, ON1ef- bﬁrtaelglpmfahaﬁmeg,qpe@mh, mfz-t he 30 present

i nvention. As well nct va > pro LS which mght be
from vari ous Bﬁgﬂﬁﬁyﬁ 18?%&%?@%@“ gﬁ?q% I?ﬁgﬁkfnéﬁ CQ[\éngalents
are in the campb.ﬁm:pmmasmetcymmegﬁnbm(@dcotd—‘teaiﬂednnm:mmp:ememéwmg/al ents which
in the presen o5 i ed.. ex coppared to

t heir actﬁ€|t:£Fﬁﬂ¥% gg%%égo&h |%@%%%?gag'ﬁ&§§%k3£m§£§§¥ nw%ct|V|ty in

t he presenceiuﬁvrﬁdn@e$m$@m@§udmgyaaﬁﬁmea§¥@%v%ﬁW$ﬁé§ﬁSﬁ%@ﬂeﬁﬁ%%y at | east

five times, nmpra.Rueletably at JieastatemdddRenNLNek et han-dn, he absence
of the |nducer Lbuall the vector further ‘conprises a S|gnal sequence

oper abl y I|nk@ﬁCWé£§5Wﬂ%ﬁﬁﬁmépﬁwgﬁﬁﬁf@%@ﬁ%@ﬁﬁgﬂﬁTﬁeuéﬁﬁﬁ%P-@%aﬂ%ﬁee can be
prokaryotic Opergiseary@tih §1ecul:§6§f@ﬁ§fbt5/ o @kernmamﬁe sbghalpraeqeenges are
used. A prokg%y &%c Si na seguence IS ﬁre}era y sel ected from signal
peptides of p&fitp §ﬁﬁﬁ1%mﬁﬁﬂﬁ P o Er & %8P %Sugars, amino acids,

vitam ns and Eﬁmﬁyﬂﬁ&ﬁﬁﬁﬂmmbﬂdhaﬁgmbs@mmﬁhﬁﬁkﬂ&hﬁﬁn@ﬁﬁkamygﬁiﬁwéﬁ@nal
sequence Knowd <8 A8 RE! S0 N callec MOLE. UL GLARLY DG okar yoli ¢

si gnal sequence | Sel'ected from si es 0 erip snatlc bi ndi ng
proteins for §w@aw§$‘hmﬁﬁﬁﬂeev@SOhﬁvﬂﬁWQM@iammmﬂEhgwﬁhreﬁwﬁﬁeﬁﬁe@@r|bed
above. Usually, the nucleic acid sequence encodes a pol ypeptide, preferably
an anti body, nore preferably a Fab fragnment as descri bed above. in a
particul ar enbodi nent, in case the nucleic, acid sequence encodes an

anti body, preferably a Fab fragnment, the heavy and the |light chain of the
anti body, preferably of the



15Fab fragnment are encoded by a dicistronic transcriptional unit, whereas
each chain is operably linked to a signal sequence and the translation
initiation region consisting of the sequence AGGAGATATACAT (SEQ NO. 2).

In a further aspect the present invention provides a nethod for producing a
pol ypeptide in a 20host, conprising thﬁ)steps of : a) constructing a vector,
b) transformng a prokaryotlc host with said vector, e) allow ng expression

of said pol Y?@@Irdo@ezvibm @’eﬁ*@iqlzm&ﬂir&zﬂﬁ@ﬁ%ﬁzﬁ ﬂi&@ﬁ?*e&kﬂo@a@éﬁ condi ti ons,
25d) recover héﬂg?sal t| de fr ture sysfem Usef ul
o}

vectors and &58y aé? ?‘B%‘&Orgbbﬁ%e&yﬁiﬁ%ﬁé‘&ﬁs PRI BHESE the vector,
the transfor QWMC@%L@& gnEcmiaeazD y\@m Mibﬁs;tmyaaaelpﬁchﬂsoq esliky (Huhfﬁibﬂ’«@m@@gn be
conducted as 0 et er ol ogous nucl ei ¢ acid
sequence conﬁ%ﬁ%}c}i‘ %?09!%1 c\ﬁ%{} %e@a%’é%sg %lamﬁ% Pﬁgﬁfg’ic FEEREEYE t he

pol ypepti de ﬁ?@d@@éﬁdﬁetb@aag Fablaﬁmgmuprewnel} Heavy(oatrdndribgint mokains  300f t he
Fab fragrrent anounts.

The prosent Tovants oo arag ot I o8 refiieh Sk ) S

i ntracel | ul aPe'RelCsT6 FE¥BIS: Iéﬁp@éslﬁp enr‘*@freﬁmet‘véﬁccoé@wé p@ﬁ@%&&m@ e.g. poi
ypeptides in @aei%@msry@;sb@ ;\k@@mm@ Dﬂﬁfnrgk}Q#Ju?jEl cusr) tﬁ‘@%ﬁ%ﬁ’a@%@a’ﬁaﬁ nvention

relates to VQC s.for t I ntra. C? ul ar expression. o het er ol ogous

pol ypepti de i* FFAa{pB?pﬁﬁPfﬁwséeWB%‘fm WHEY %W?ﬁ%%&@@ﬁ“ﬁ@dé‘%pr essible in a

pr okar yotisc lpagﬂasmrmamspﬂa@mtohﬁ:ebm [a&%@—tﬁﬂid@r@ieﬁ;ﬂashﬁﬂjr&&n@ifecdlﬂﬁ) L-rharnnose
oper on oper aw&& | i.nk

t t ranscr,i pti.on ri.sin | eic acid
sequence whi ch %artﬁuft%reprr%fo%“%owﬁsm {}?)C%[hlgaaiﬁo%fdmy@n@w RO R Hﬁ%‘gl nment of
t he vector oM&‘%é‘\fiﬁme&sfemnglwm@mmweﬂHECctwcli@wimomdaw&qwance is not |inked
to a prokaryQtic si.gnak SegHenss. n o Q host cell
with the vector %}%0 ex%)l% essi on ofny&q{ﬂméJiﬁyélggs%ﬁgﬂgggse%c%@g@%@g é%gh
het er ol ogons At FEFE:s 5808 2ered- Brsfayblpiiicgat ite] segrgroche redspdraced from t he

cytopl asmst o meag@yge@pénaa@m&elngp@gdu@ﬂa@m}agﬁ&ﬁ@gko& benpobypenthde | | be
expressed w thin er&ﬁ asm in faormaf _inclusion bodies 10or jn sol uble

form Thus u 8Hb‘£&s%$:?r°§ ¥ P& BTty dRR R P SBP AR SR i fi ed by
wel | - known. pyoeetir @sorditpmitcRaidgghsd phosphopafidiie Gibs@l mdfc@meeabdd €xtd act. The
present inve Loy des for the id vectors for the

regul at ed |ntrgregl%3’$1% %rghgf)sc%r%%s%%fhgg “A %1 ﬁ?ﬂwggﬁw%ﬂ%ﬁuﬁoﬁct *dci d sequence
in a prokar yoviteeshests %@ﬁwedna\fmwaﬁeym ilc Nnost Agrs R oRka §o816E (1985t cel |
transfor nﬁ)d Wu}iﬁcﬁs@ﬂ gl o\ﬁ%&gémd& cggpl;e%%riﬂgc[ "’)\;ehfger n% Mgﬁuldl- l spr oducti on

of a heteroi ogous polypeptide In rokaryoti ¢ host using §a|d vector; and
a vector for %@Oﬁhﬁﬁe?é@é’ﬁ’?‘ﬁiP%‘Fm%n %ﬁe%lflbeémyr?@tﬂ@r%ﬁéﬁwé Pstypept i de
conprising apsappterigeygi on, a heterol ogous nucleic acid sequence encodi ng
a het erol ogous pol ypepti de and a translation initiation region consisting
of the sequence AGGAGATATACAT. 20ir, a preferred enbodi ment of the vector
for the intrdbeldatsaptioes priessirding bhie nfeh@%&nﬁmoﬁmﬂ@m;m@mmsh@s of the
sequence pi se nce .conpl enent ar thereof and a
vari ant sgsguet(rf]a%glgt% en?%%%?mmmmaﬁe gnr r eci"l%mr"n%cfm saﬁdg #%ari%rmt er region
and said oper@isboyiridaked S?ildé?ﬁ@@hwpfmmakeglqmmmnmmsS@C@tml: he sequence
depicted in SE&:ELANATASAQKSERER 1h® Nonedas s@ndm% AeGueRARLEARAt ary ther eof
e

or a variant sequence thereof. 25According to t invention it is possible

that the vect®FPErfsissdarysp sid %%ﬁ?cés@l@é?ﬁu%ﬁﬁﬁﬁ%éw&m@é*s@i?%nl c
transcri pti onal Nos)ts. as&amym&dhgﬁne@zﬁ@i&@ﬁf@M@:ﬁbﬁ%ﬁﬁﬁﬂm%ﬁéﬂ% invention the

transcriptional .unit e, vec transl ation
initiati 0%1G r eﬁl‘gﬁt}%ﬁég‘?gﬁ %’fm’i‘ah’@lﬁ G?He %g%i ﬁto‘ 't he transl ation of
said transcriptional unit, whereby the translation initiation region

consi sts of tg%aﬁﬁgﬁ@%ﬁ“% %Ac‘;rmsz% S Lﬁ[ggl\(l}%tem#gé ni%%gnrt her

preferred enb nts t Face



conprises a transcription termnation region such as the rrnE
transcriptional term nator sequence. According to the invention the

het er ol ogous nucl eic acid sequence nay encode a pol ypeptide such as an
anti body, an antibody fragment etc. 26 Those skilled in the art wi|l
appreciate that the invention describegd herein is susceptible to variations
and nodifications other than those specifically described. It is to be
under st ood t hadciel Rem HAERTA @,I’T'riw&hmlqieama,ldzz@@ea WArsat iPonsondndad

nodi fications w_thout de rt%gﬁ from g |r|t or ess%ntral_

char act eri st "B & e EGF2CLTHE 3@ﬁ?@8ﬁm'e %%é?ﬁﬁ@gwéﬁ of the steps,
features, conpositions and conpounds referred to or in.dicated in this
specificatio ndividual |y ot coll , onbi nati ons
or any two Oﬂ“ ?T%) éoi%gfoassxglici a 1d se uen af%vor i1 the e*r?ﬁ?;%%%g?n@téﬁ Szgrl osure is

t her ef or e st o cheescionsbderted ﬁa"ereagm toaﬂliel hoatsigeeaeeher H0$t@£satpr<éftaie’dﬂwan@wﬁ@t3b
restrictive, L he, 5e0neiof .hfle, 0y 6nki.e0 ob0g.chadh cahedh Lheappended.

Cl ai nms, and anges Wwh come he méanj ng and range of
equi val ency ArezsinmEspidedctys sik ae?f?}?aée’%i”lthﬁéfﬁ’éﬂiﬁ INPATICHEST T B¥EAtes are

ci ted throughgut., thiss é@ﬁ*c!xafcieﬁﬁtazl&ﬁbst;%%ﬁmaﬁ)fmm &herictic bReempanaised herein
by referenceln its entirety The foreg ng descrrgtro{gsgwll be nore

filly undersﬁ%ﬂﬂ%‘%l’?‘ﬁ“’é‘%?%é‘gﬂ@% HE": 61}51 W‘}Hﬁm’fgﬁ ““Efich Exanpl es,
are, however ,mighespbafnys aa:fozdmgrhﬁﬁscoa&nm@ctoﬁmmt r‘memoe@amsedumenti on and
are not intended. to Limt. 0 { the in L ESAVPLES Exanpl e 1:
20Const ruct i GF6E% t?(k?lg’gseg n%) "e““}a*s%”&g?’ gtefﬁmpg}s{?r%sl \r}ﬂg Yt egu gsEed pronot er s
The Escher ( chirgleraigy énc&%ﬂ&he&r@e&mimébmé schamretiufigl, posiel el y regul at ed

o ! KEGG dat ab
oty Encye) Sedh A Cadat A, Ei Rt Rudih ARl dBKECS dat abase

http:// waw. emﬁneaﬁﬂotjh‘ﬁm%e%’@/(k@g?e%% %ﬁﬁe%ée?rrwerfytﬂrlegﬁhetﬁewcat abol i c

promot er s yer g d-dentd ﬁereegdec%mmareaharasequeﬁaermm%row@@e! B @R SBbION
pl asm ds. The 25 pronmoters sh e t| ¥1€$%%§I ated and induced by a

cheap and nontf 8% B P ?ﬁfu%i eful conpound. The
foll owi ng prommteessn oy tgérpfs&dedseerai a@shb%u@r%ﬂaegulamlﬁﬂe watabaich & operons

were chosen pr QSI%E’E %gt?%o la(sz% 16%% astmc», géet%k%l h(%g%eﬁ‘ £§zﬁﬂ9fm%r (gl uci t ol

i nduci bl e) 30% FonD e ‘i nduci e preci se DNA
fragments whi @mawﬁuita*anerdlmhélv@t&bhﬁb@ﬁ@%xk‘%ﬂi@e%ﬁ@1@&1‘@@9@@’%&@% on the

avai | abl e ,j, nf L £ L@SRRRALING. L QUL AL Pl R A dlcREmSi T €s.
Chrom)somaF D%{&%&%ggﬁ%} |Sg£00| was 1| sgoat ed by the mgt hod of Pitcher

et al., 1989, EE@?P@%P*‘SPWWﬁ%?}W%MUQ“F SKNGP B1TE1 BEYers, Brorsh 241816 SS9 e pr onot er

fragments wer g,amphifohednftom.the s@%faeéwﬁm@kcep@hbﬁ @fz*m@&s r:gd dyMBEAM, by PCR
using the foll ovm ng prinmers, The Tr*’% h&%tl on.sites Clal and NM are

under | i ned. THEPSBEISHERE (BROTFRES 1% 5P 8r°é§mf‘%’|qﬁ oWse **5 Ppr pPpr p- 55'
aaa atc oat aaﬁhaﬂl,@agﬁ&ﬁar@(gagréﬁtﬂubzérgerﬁproamp 35' aaa ctt aaa ttg tta toaaot

tgt tat 3 Other proteins of interest ave growth factor receptors (e.g., FGFR, PDGER, EFG, NGFR,

and VEGF) and their ligands. Other proteins are G-protein receptors and include substance
K receptor, the angiotensin receptor, the [alpha)- and [beta]-adrenergic receptors, the
serotomin receptors, and PAF receplor (see, 5.g. Gilman, Arn. Rev. Biochem. 56, 625-64%
(1987). Other proteins include ion channels (e.g., calciwm, sodium, potassium channels),

30 muscarinic receptors, acetylcholine receptors, GAB A receptors, glutamate receptors, and
dopamine receptors (see Harpold, U.S. Pat. Nos. 5,401,629 and 5,436,128). Other proteins
of intersst are adhesion proteins such as integrins, selecting, and immunoglobulin

superfamily members (see Springer, Nature 346, 425-433 (1990). Osborn, Cell 62,3



AAAATCGATAACTGAAACCCATATTTGCGGATTAGI TCATGACH | | ATCTCTAACAAA TTGAAA | |

AAACAT | i AATTTTATTAAGGCAATTGIGGECACACCCCTTGCTTTGIOTTT 10
ATCAACGCCAAATAACAAGT TGATAACAACTTAAGITT Pgut APgut A-55' aaa atc oat aca tca
cgc ccc gca caa 3 Pgut A-35' aaa ctt aaq tca gga ttt att gtt
tta 3' AAAATCGATGCATCACGCCCCGCACAAGGAAGDGGTAGICACTGCCCGATACGEAC 15
TTTACATAACTCAACTCATTCCCCTDGCTATCC | | | TATTCAAACTI TCAAATTAAAATA

TTI ATCTTTCA (1990t TEECATICAAAATARGAC R HrbtciANAT CToklneCAAT STIGATTTAGNTTAG
GTTGCCGTTI \TAAA : . ) Pnel AB- 3
T AT AR )

&

g tgc ga . ' ‘ aacl gac tic ctt
aaa taa ctt 3an@RRwmmor m%f@m% R TERG st frpter (RFAAK CASA,

grannlocyte monocyte colony stimulating factor (GM-CSF) (see Human Cyickines:

5 Handbook for Basic & Clinical Research. Aggrawal et al, eds., Blackowsll Scientific,
Boston, Mass. 1961, Other proteins of interest are intracellular and intercellntar
messengers, such ag, adeny! oyclase, guanyl cyclase, and phospholipase C. Drugs are also
proteing of interest, The heterclogous protein of mierest can be of human, marsmalian or
prokaryotic origin. Other proteins are anftigens, such as glyooproteins and carbehydrates

10 from microbial pathogens, both viral and bacterial, and tumors. Other proteins are enzymes
tike chymosin, proteases, pelymerases, dehydrogenases, nucleases, glucanases, oxidases,

a-amylase, oxidoreductases, lipases, amidases, nitril hvdratases, esterases or nitrilases.

Preferably, the heterologous nucleic acid sequence, according to the present invention,

15 encodes a polypeptide, more preferably an antibody and most preferably a Fab fragment. In
particular 4 human antibody or a humanised antibody, more particularly a humen Fab
fragment 1s encoded by the nucleic acid sequence. The human Fab fragment encoded by the
nucleic acid sequence is preferably either a hunan antibody fragment or a human antibody
fragment that was grafted with at least one CDR. from another mammalian species.

20 In one more preferred embodiment, the huran Pab fragment is & fully human HeCAL-Fab
as obtainable from an artificial, consensus-framework-based human antibody phage lbrary
that was artifically randormized in the CDR as described by Knappik et al,, 2000, J. Mol
Biol. 296 {1}, 57-86.

In another more preferred optional embodiment, the, optionally chimeric, CDR grafted,

25 human Fab fragment is 2 nop-EuCAL-Fab as opposed to the HuCAL-Fab definition in the
foregoing, which in case of a fully human Fab fragment preferably means that it does not
share the HuCAL consensus sequence frarmework but its non-CDR sequence portions ars at
least 70% more preferably 83%, most npreferably 95% identical in amino acid sequence to
the respective variable and constant Hglt and heavy chains germiine- encoded sequences,

30 additionally and more prefersbly that its CDRs are directly obtained from naturally
occuring genomic sequences of lvmphoid cells including genomic affinity maturation
Svents.

The Fab fragment iz preferably derived from an 1gG antibody and doss not contain cysteine
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GATTCGCCTGCCATGATGAAGT TATTCAAGCAAGCOCTTAAG TT +1 (Binding site for CRP 2 is
highlighted in Iight gay and binding sites for Meat are hipfilighted in

bl ack) 30 The fragnents were separated by agaro se gel el ectrophoresis and

i solated by the gelextraction kit piaexdl fromQa.gen (Hlda'', Germany).
The isolated fragnents were cut with CGal and Affill and ligated to
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positively regul ated expression systens were anal ysed for their capacity to
produce, Fab-UPi=asiestisad yuit Fsdrbht f‘%’ﬁ@“‘lﬁdbmﬁil‘of“F%@i’rﬁ’éﬁ’%ﬁ‘iﬁs?@m%ue&‘ﬁepl ified
out of pl asmm@mhﬁ@rmm@ﬁemaktcby) PCR using the primers Fab-5 (5 - aaa
cat atg aaa aag ace get atc-3') and Fab-3 (5 -aaa sag ctt tta tea gct at
cgg ttc-3"). The PCR-fragnent was cut with Ndel and H ndl1ll and inserted

i nto Ndel At ridfk bregut inpBVAD, @Qm(d%d@hd fhe @istenatk: in Wil @6 sidlel seblecr alpi tad . 21,

1037- 1047) t Lgur i ng the

r hammose | ndﬁne%ﬁ %&lr%ﬁl %AE%{F% g%% {%%ﬁ %Lf}r&sll%) wgtgllrgreﬂl - f ragnment
was i nserted vadolntrrpdertgil fv‘lﬁ"e}d@Fw Sefki)ﬂi@’é}sqe%ﬁﬂ%lls@s{’ﬂ?ﬁ@awf@ﬁwiﬂwéﬂ%rc%cﬁl e
pronmoters. The, Mc%eihéoalﬂg Faq.@e ;&‘&ﬁ;@;ﬂ&l@bﬂhﬂaﬁ&(ﬂ% 4] ¥EricLXR8S 3hOMe NI asmi ds
are pl 3LL13 containin pronoter, pl3LLI4 containing the gutA
pronot er and fyEEE 1%¢ %S*r’ﬁn%n *ﬁ‘?‘ﬁ@ Fh?et%PEN@QCﬁPbW%TC‘T?‘?ﬁﬁﬁraéeei’i’m? e sequence
of thle ngs H B ends aﬁ;ﬁl}c}mﬂﬁ m ﬁef&;%d@&%\&ﬂmﬁ@slgtwsxwp@ﬁmése@gﬁﬂaw sequenci Eg
Exanpl e Express of Fa K Deut sche
Sar af b ung. vOHERR BEDSALE SHETEaE (2aroTE i b TR Bra T,

Ger many) was #i@ansfsopatamichywert tuctdvencds.f f er ent expressi on pl asm ds. The

pl amai ds were isolated, fromclones which resulted fromthe different
transformations and checked via restriction analysis. Except plasmd pELL14
al | pl asni ds Haigebihabankplt? memplesesioroni &a opadvidmped TRRecTipenil o1 gtted pl asni d

PELL14 shoyed,an. &liler&d:$lvag AR :Eesihd s@,étiua@ra 520 baid er Nepbich was

suggested to be due tc reconbinati gn events. Therefore stain WB110
complementary thereof and varients thersof,

More preferably, the rhaBAD promoter region and the operably linked transcriptional unit
of the vector of the present invantion consist of the sequence SEQ ID NO. 4, a sequence

25 complementary thereof end varlants thereofl

Also encompassed by the present invention is the use of & vector according to the invention
for the regniated heterologous expression of anuciele acid sequence in a prokaryotic host.
Ihe'axpression can be regulated by the amount of L-rbamnose available to the prokaryotic

30 host. Usually, the amount of L-rhamnose in the medium of the cultured prokaryotic host is
between 0.01 and 1006 g/l, preferably between 0.1 and 10 g/1, more preferably between. |
and 5 g/l

Preferably, the heterclogous nucleic acid sequence encades for 2 polypeptide, more



(pELL14) was not tested in the follow ng assays. The remaining strains were
tested for their ability to secrete actively fol ded Fab-H anti body
fragnents. This productivity test was performed as described in. exanple 4.
The follow ng inducers were added in a concentration of 0.2% 25

p} 3WR2: Fab- HL( - 0- Rnammose nonohydrat e PELL13Sodi um pr opi onat e

pPELL15D( +) - Mel i bi ose nonohycirate D +)-Raffinose nonohydrate 30D (+)- Gal
acto se The fesubl Sor bt omdihendiabs: blebizbBXpefameaienarerahbweaiyenfFi gure 3.

29 The rhat ey npse- edi.bi ose-induced strains WB110 - Tab-H) and
WB110 (pBLng%“ éﬁﬁ\?\%ﬁgepﬁ?%dg?ﬁge %%{h aﬁlflﬁtgarf’ S5 “é:m Efqﬁ%@e}é@?\f%ggsi al's over
ti me and al nestingto hipackgnounndeidoteiivial antibcliher o fieiomt. ofpadictlenveel y f ol ded

fhe fol | owi ngoiasrs o QHEBLLL Bt S T T T3 T T 1 -
i nducer 35h Patichiast lgnch Pagiizgment af d@gribpdaiigve is cjongndda e PR REBEY' |
acid sequencs.
In order to obtain high concentrations of fimctional antibody or Fab fragment it is essential
10 have ar equal amount of the heavy and light chains being expressed. In case one of both
chains is overproduced compared to the other chain, non-reducible high molecular weight
10 immunoteactive aggregates can be built, which is undesirably. It has been swrprisingly
found that with the vectors of the present invenfion high titers of functional antibodies can
be obtained whereas only very low amounts of overproduced light or heavy chain or high
molecular weight immunoreactive aggregates are built. Usually, Tess than 20 %, preferably
less than 10 % of the expressed amount of antibody or Fab fragment are expressed as
15 overproduced light or heavy chain or high molecular weight immunorsactive aggregates.
The amoun: of the heavy and light chains overproduced and of high melecular weight
immunoreactive aggregates can be measured by analysing extracts of the host sxpressing

the antibody or the Pab fragment such as lysozyme extracts of the cultured host cell using
SDS-PAGE or Western blot.

In still another aspect, the invention provides an isolated and purified nucleic acid sequence
‘expressible in & host comnprising the rhaBAD promoter region of the L-rhannose operon
operably linked to a transcriptional umi comprising
a) a nucleic acid sequence which is heterologous to said host
25 b) a prokaryotic signal sequence operably linked to said nucieic acid seqnence, whereas
said prokaryotic signal sequence is selected from signal peptides of periplasmatic binding
proteins for sugars, amino acids, vitamins and ions and, whereas the expression of said
nucleic acid sequence is controlled by said promoter region. The rheBAD promater is the
preferred promoter region. More preferred, the isolated and purified nucleic acid sequence
30 consists of SEQ ID NO. 1, a sequence complementary thereof and variants thereof, in
particular the isolated and purified nucleic acid sequence consists of 8EQ ID NO. 3, 2
sequence complementary thereof and variants thereof, most particular the isclated and

purified nucleic acid ssquence consists of SEQ [0 NO. 4, a sequence compiementary
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thereof and varants thereof.
The isolated and purified nucleic acid sequence of this invention can be isolated according
to standard PCR protocols and methods well known in the art. Said purified and isclated
DNA sequence can further comprise one or more reguiatory sequences, as known in the art

e.g. an exhancer, usually emploved for the expression of the product encoded by the

nucieic acid ssquence.

In order to select host cells successfully and stebly transformed with the vector or the
isolated and purified nucleic acid sequence of the present invention, & gene that encodes &
selectable marker (2. g., resistance to antibiolics) can be introduced into the host cells along
with the nucleic acid sequence of interest. The gene that encodes & selectable marker might
be located on the vector or on the isclated and purified nucleic acid sequence or might
opticnally be co-introduced in separaie form e.g. on a separate vecior, Various seleciable
markers can be used including those that confer resistance o antiviotics, such as
hveromyein, ampiciliin and tetracvelin, The amount of the antibiofic can be adapted as
desired in order to create selective conditions. Usually, one seleciable marker is used, As
well reporter genes such as flnorescent proteins can be introduced into the host cells along

with the nucleie acid sequence of interest, in order to determine the efficiency of

transformation,

Another aspect of the present invention is to provide a prokaryetic host transformed with a
vector of the present invention. In a perticular embodiment of the invention the prokaryotic
host is transformed with plasmid pBW22-Fab-H or plasmid pAKL14, preferably with

plasmid pAKL14 comprising two different coding regions in s dicistronic expression

cassette for expressing a secreted, heterodimeric protsin tn such host cell such a3 e.g. a Fab.

Preferably such heterodimenie protein is 2 Fab, In another embodiment of ¢he investion the
prokaryotic host is transformed with the isolated and purified nucleic acid sequence of the

present fmvention.

A wide variety of prokaryotic host cells can be used for the heterologous expression of the
nucleic acid sequences of ttus invention. These hosts may inclede straing of Gramn-negative
cells such as £, coli and Pseudomonas, or Gram postitive cells such as Bacilius and

Streptomyces. Preferably, the host cell is & Gram-nsgative cell, more preferably an £. coli

pH
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cell. B coli which can be used are e. ¢. {he styains TG, W3110, DHI, XLi-Blue and
Origani, which are commercially availabie or can be obtained via the DSMZ (Deutsche
Sammlung von Mikrocrganismen und Zellkulturen GmbH, Braunschweig, Gerntany).
Most preferably, W3110 is used. The host cell might or might not metabolise L-thamnose.
A host cell which is ordinarily capable to uptake and metabolise L-rhamnose like £, coli
might be modified to be deficient in one or more functions related to the uptake and/or
metabolism of L-thammnose, Deficiency in one or more functions related to the uptake
and/or metaboliem of L-rthamnose can be achieved by e.g. suppressing or blocking the
expression of & gene coding for a protein releted to the uptake and/or metabolism of L
rhamnose such as the gene rkaB coding for Lthammnulose kinase. This can be done by
¥nown techrigues such as transposon supporied mutagenesis or knock-out mutation.
ﬁsually, the prokaryotic host corresponds to the signal sequences chosen, e, g, in case
signal sequences of E. coli are used, the host oell is usually a member of the same family of

the enierobacteriacese, more preferably the host cell is an E. coli strain.

Further provided with the present invention is a method for producing a polypeptide in 2
host cell, comprising the steps of

&) constructing a vector,

B) transforming a prokaryotic host with said vector,

¢) altowing expression of said polypetide in a cell culture system under suitable conditions,

d) recovering said polypeptids from the cell culture system.

The vector used, as well as its congtruction and the transformation of 2 prokaryotic host are
as defined above, whereas the heterologons mucleic acid sequence comprised by the vector
encodes a polypeptide, Preferably, the polypeptide produced is an antibody and mos:
preferably a Fab fragment, whereas the heavy and Iight chains of the antibody or the Fab
fragment are expressed in the cell culture system in equal amounts, thus leading to high

soncentrations of functional antibody or Fab fragment,

As cell culture system continuous or discontinous culture suck as barch culture or fed bateh
culture can be applied in culture tubes, shake flasks or bacterial fermentors. Host cells are
usually cultured in conventional media as known in the art such as complex media like

“nutrient yeast broth medium” or a glycerol containing medium as described by Korlz et
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conj ugate. Thepgtddit ure was perforned as described in exanple 4. Sanples
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concentrations of high nolecular wei ght aggregates correspond to higher 20
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interest ars Immuno globuhn chams th'= heavy chain and the light chain are normally sach

expressed in the host cell and secreted to the periplasm of the cell. The signal peptides
encoded by the signal sequences in the expression vector are then processed from the
immunogiobulin chains. The mafure heavy and light chains ars then assembled to form en
30 intact antibody or a Fab fragment. In order to obtain & maximum vield of the expressed
product the cells are usually harvested at the end ofthe culture and lysed, such as lysing by
lysozyme treatment, sonication or French Press. Thus, the polypeptides are usually first

obtzined as crude lysate of the host cells. They can then be purified by standard protein



Exanple 6 I nfluence of signal peptides 25The genone database of E. coli was
used to | ook for useful signal peptides that Could be used in conbination
with the flab-H fragnents VI53-CL and VH CH, The signal sequences from
periplasm c binding proteins for sugars, anmno acids, vitamns and ions
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(PhoA) 0.996 column confaining a resin which has bound thereto target moleculess to which the expressed

immunoglobulins can specifically bind,

10
A further aspect of the present invention is a vecior sxpressible in a host comprising a
promoier region operably linked to a transcriptional unit comprising
4) 2 nucleic acid sequence which is heterologous to said host
b} a transiation initiation region upsirearn of the initiation point of the transiation of said

15 trapscripfional unit, said translation initiation region consisting of the sequence
AGGAGATATACAT (SEQ ID NO. 2},
whereas said translation initiation region is operably linked to said nucleic 20id sequence
and the expression of said nucleic acid sequence is comtrolied by suid promoter region.
The promoter region might be an inducible or non-inducible promoter region. Usually, an

20 inducible promoter region of a catabolic operon is used. As inducible promoter region of a
catzbolic operon negatively regulated promater systems such as the lactose [fac] (Yanisch-
Perron et al., 1985, Gene 33, 163-109), and the tryptopharn [#p] (Goeddel et al., 1980,
Nature (London) 287, 41 1-416) promaters, and the hybrid promoters derived from these
two [tae and fre] (Brosius, 1984,Gene 27 (161-172 ;, Amenn end Brosiug, 1985, Gene

25 40,183-150) as well as positively reguiated promoter systems such as the araB promotsr
inducible by Arabinose (WO 86 04350), the rhamnose promoter thaSB indusible by
thamnose (WO 03068%56¢) or the “rhaBAD promoter region of the L-rhammose operon”™ of
the present invention can be used. Preferably, positively regulated catabolic operons are
used, more preferred is the “rhaBAD promoter region of the Lrhamnose operon” of the

30 present ipvention As well functional equivalents of these promoters which mi ght be from
various prokaryolic erganisms might be used. Functional equivalents are in the case of
positively regulated catabolic operons equivalents which in the presence of inducer show

increased expression activity compared to their activity in the absence of inducer. The



0. 765 MKQST | ALAL LPLLF TPVTK AQVQLK (Phok-VH CH, 0.999 0.764 PelB (Erwinia
chrysanternt)- Pectate |yase precursor )KSLI TTTTA GLLLA LSQPL LKATOTG
(PeiB) 1.000 0.999 MESLI TPI TA GLLLA LSOL LADI ELT (Pel8-V193-CL)Fab-11)

1. 000 0.998 MKSLI TPI TA GLLLA LSQPL LAQVQLE (PelB-VH Cl11, Fab-11) 1.000
0.996 PeM Envi ni acarotovm) - Pedat el ya sg precursor M MAL PTAAA G LL AAQPA.
MKANTGG (5el5) 1.000 1.000 MEILL PTAAA GLLLL AAQPI k MADI ELT (PelB-V193-CL,

Fab 1) 1. 00024:000, iRyl 484 koo AAQRA NAQUQLIG (GREIBAMENGH,  Fab-H)

least five times, more preferably at least ten times higher than in the absencs of the inducer.

Usuatly, the vector further comprises 2 signal sequsnce operably linked to asid nuclieic acid

tn

seguence. The signal seguence can be prokaryotic or sukaryotic. Preferably prokaryotic
signal sequences are used. A prolaryotic signal sequence Is preferably selected from signal
peptides of periplasmatic binding proteins for sugars, amino acids, vitamins and ions as
descrited above or from other prokaryotic signal sequence known to the person in the arl.
More preferably the prokarvotic signal sequence is selected from signal peptides of
10 periplasmatic binding protems for sugars, amino acids, vitamins and jons which are
described above, Usually, the nucleic acid sequence encodes a polypeptide, preferably an
antibody, more preferably a Fab fragment as described above.
It & particular embodiment, in case the nucieie acid sequence encodes an antibody,
preferably a Fab fragment, the heavy and the iight chaim of the antibody, preferably of the
15 Fab fragment are encoded by a dicistronic transcriptional umil, whereas each chain is
operably linked to 2 signal sequence and the translation initiation region consisting of the
sequence AGGAGATATACAT (SEQ ID NO. 2).

n a further aspect the present invention provides a method for producing = polypeptide I a
20 host, comprising the steps of
a) constructing & vector,
b) transforming a prokaryotic host with said vector,
¢} allowing expression of said polypeptids in 2 cell culture system under suilable
conditions,
25 ) recovering said polvpeptide from the cell culture system.
Usefizl vectors and hosts are as described shove. The construction of the vector, the
transformation of & prokaryotic host and the cell culure can be conducted as described
above, whereas the heterologons nucleic acid sequence comprised by the vector encodss a
polypeptide. In case the polypeptide produced is a Fab fragment, the heavy and light chains

30 of the Fab fragment are expressed In sald cell culture system in equal amounts.

The present invention also relates 1o methods and means for the intracellular heterologous

expression of nucleic acids sncoding e.g. polypeptides in a prokaryotic host. In particnlar
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comprising the riaBAD promoter region of the L-rharanose operon eperadly linked to a

transcriptional unit comprising a nucleic acid sequence which is heterologous to said host.

tn

Since in this embodiment of the vestor of the present invention the nucleic acid sequence is
not linked to a prokaryotic signal sequence upon transforming a prokaryotic host cell with
the vector and sxpression of the polypeptide encoded by the heterologous nucieie acid the
polypeptids will not be transported from the cytoplasm to non-cytoplasmic locations.
Instead the polypeptide will be expressed within the cytoplasm in form of inclusion bodics
10 orin sofuble form. Thus upon expression the polypeptide can be iselated and purified by
well-known procedures from the cell, in particular from cell extract. The present invention
also provides for the use of said vectors for the regulated intraceliular expression of a
heterologous nncleic acid sequence in a prokaryotic host cell; a prokaryotic host or
prokaryotic host cell transformed with said vector, a method for the intracellular
15 production of &heterologous polypeptide in a prolaryotic host using said vector; and
vector for the intracellular production of & heterologous polypeptide comprising a promoter
region, a heterologous nucleic acid sequence encoding a heterologous polypeptide and a

translation initiation region consisting of the sequence AGGAGATATACAT.

20 Inapreferred embodiment of the vector for the intracellular expression the rhaBAD
promoter consists of the sequence depicted in SEQ ID No. 1, a sequence complementary
thereof and a varjant sequence thereof. It is preferred that said rhaBAD promoter region
and said opersbly Hinked transcriptional unit consist of the sequence depicted in SEQ 1
MNo. 3 ot SEQ ID No. 4, a sequence complementary thereof or a variant sequence thereof.

25  According to the invention it is possible that the vector for infraceiluiar EXPIession
comprises a dicistronic transcriptional unit. In another preferred embodiment of the
invention the ranscriptional unit of the vector further comprises 2 transiation initiation
region upstream of the initiztion point of the translation of said franscriptional unit,
whereby the translation initjaticn region consists of the sequence AGGAGATATACAT

30 {SEQ ID No. 2). In further preferred embodiments the vector for intracellular expression
comprises a transcription termination region such as the /m8 trenscriptional terminator
sequence. According to the invention the heterologous nucleic acid sequence may encode a

pelypeptide such as an antibody, an antibody fragment ete.



MAI ZO GARZL ALGAL TTAI MF SASAL A PIPES (Mal E) 1.000 0.956 MEIET GAPLIL
ALSAL TTMVMF SASAL A DI ELT(MalE-VL3-CL, Fab-H) 1.000 0.978 MElIET SARI L ALSAL
TTMVF SASAL AQVQLK (Mal E-CH, Fab-E) 1.000 0.990 Bl a(pB14622) (27.coil)-

Set a- | act anase MBIl QE FRVAL | PPPA AFTLP VFAHPETL (131a) 1.000 1.000 MEl QE
FRI FAL ZPFFA AFG.P VTA: TELT (131a- VL3- (;I5 Tab-H) 1.000 1.000 MsI QE FRVAL

| PI TA' AFCLP TPAQVQLK (El a- VT-CE, Fab-Hj"1.000 0.955 32

Qopk( E, col0- Pehpl asn- dcoUgopept i de- bi odhpprotein M NI T KRSLV AAHVL AAI VA

G\V AL A ADVBA (Opoh). M NIT KRSLV AAGVI AAI MA CNVAL ADI EM )

(009A- | (13- a’ﬁ@ﬁﬁgﬁ&i@ e RREIPU e ARE TR ARENERIENRATr b aATINKs preeaRIVrE CF, |

Feb- H) variations and modifications other than those soecifically described, It is to be understood
that the invention includes all such variations end modifications without departing fom the

§  spirit or essential characteristics thereof. The invention also includes all of the steps,
features, compositions and compounds referred to or indicated in this speciﬁ{:.ation,
individually or collectively, and any and all combinations or any two or more of said steps
or features, The present disclosure is therefore to be considersd as in all aspects iHustrated
and not restrictive, the scope of the Invention being indicated by the appended Claims, and
1¢  all changes which come within the meaning and range of equivalency are intended to be

embraced therein. Various references are cited throughout this Specification, each of which

is incorporated herein by reference in its entirety.

The foregoing description wili be more fully wnderstood with reference to the following
15 Examples. Such Examples, are, however, exemplary of methods of practising the present

invention and are not intended to limit the scope of the invention.

EXAMPLES
Exampie [
20 Construction of expressien plasmids with positfively regulated promoters
The Escherichia coli W3110 genome was scanned for positively regulated operons. Based
on the genamic date which are available on the KEGG database (Kyoto Eneyclopedia of

Genes and Genomes, hifpu/www.genome ad jp/lceca/keap? biml) positively regulated

catabolic promoters were identified and anaiysed for their use in expression plasmids. The
25  promoters should be tightly regulated and induced by 2 cheap and non~toxic and therefore
industrialty neeful compound. The following promoters of different positively regulated
catabolic operons were chosen
- g promaoter (propionate inducible)
- gutd prowooter (glucitol inducible)
30 - mslARZ promoter {melibiose inducible)
The precise DNA fragments which contain the promoter elements were selected based on
the available information on the corresponding regulater binding sites. Chromosomal DINA

of Escherichia coll was isolated by the method of Piicher ef al., 1989, Letters in Applied



TmA (E. cots) -.Periplasm c tehal ase precursor (Al pha-hehal ose

gi ucohydr ol ase bacsPA. PSRPQ KMALI ACI F LCFAA 1.000 1.000 1.000 0.996 0.911
0. 984 LSVQAEETP/ (TreA) 1.000 0.996 MKSBA PSRPQ KMALI PACE LCFAA

LSVQADI ELT( Tr eA- VL3-CL, Fab-H) 1.000 0.961 MKSPA PSRPQ KMALI PACI F LCFAA
LSVQAQVQLK ( Tr eA- VH- CH, Feb-H) 1. 000 O. 9)§9 Ni ppA (E. coil) - Periplasmc
murei n pep de-binding protein precursor” NHHSV SVICC ALLVS S| SLS | AAEVPS
(MpbA) 1.000 Microbiology 8, 151-156. The promoter fragments were amplified from the chromosomal

DNA of strain W3110 by PCR using the following primers. The restriction sites of Clal

and Af7iI are underlined. The sequences of the fragments are as follows:

Porp Porp-& 5’ aaa alc gat aas tga asc gea tat tig &

Pprp-3 5 aaa cif asg tig ta tew act igi tat ¥
AAAATCGATAACTCAAACGCATATTTGCCCATTAGTTCATGACTTTATCTCTAACAAA
TTGAAATTAAACATTTAATTTTATTAAGGCAATTGTGEGCACACCCCTISCTTIGTSTTT

10 ATCAACGCAAATAACAAGTTCATAACAACTTAARTTT

Pguth Pouth-o 5'aaa gicgal geafva cgoceogea caa 3
Pguth-3 S aza cttaagicagge atigitta ¥

AAAATCCATGCATCACBCCCCGCACAAGRAAGLGETAGTCACTGUCUBATACGGAL
15 TITACATAACTCAACTCATTCCCCTCGUTATCCTTITTATTICAAACTTTCAAATTAALMATA

TTTATCTTTCATTITGCGATCAAAATAACACT TTTALATCTTTCAATCTGATTAGATTAG

GTTECCETTTGGTAATAAAACAATAAATCCTOACTTAAGTTT

PmelAB2 PmeiiB-5-1 5 aaa ate gzt gac ige gag tgg geg cas 3
20 PmelAB-3 Saaacliagaggaetigottgasfaacti 3

CRP

TEEAAECCEEAT I NRITICIVA
25 CAAGCCCTTAAGTTT
+1
(Binding site for CRP 2is highlighted in light grey and binding sites for MelR ars

hightighted in black)

30 The fragments were separated by agarose gelelecirophoresis and isolated by the
gelextraction kit Qiaexl from agen (Hilden, Gc:many}, The isolated fragments were et
with Clal and A7 and ligated to Clal/AflT-cut pBW?22 (Wilms et al., 2001, Blotechnology
and Bioengineering, 73 (2), 95-103). The resulting plasmids containing the prp promoter
(pBLLS), the guzd promoter {pBLLOS) and the mel4BZ promoter (PBLLT) are identical

35 except for the promoter region ligated. The sequence of the inserted promoter fragments

were confirmed by sequencing (Microsynth GmbH, Balgach, Switzerland).

Example Z

40 Construction of Fab fragment expression plasmids
Ags an alternative 1o an IPTG-inducible lae promoter (plasmid pMxS-FluCAL-Fab-H,
Knappik et al., 1983, Gene 33, 103-119), different positively regulated expression systems

were analysed for their capacify to produce Fab- antibody Fagments. The Fab-F fragment



0.943 MKESV SVTCC ALLVS SISLS | ADI ELT (MppA-VL3-CL, Fab-H) 1.000 0.906
MKHSV SVI CC ALLVS SI SLS | AQVQLK ( MppA- VH- CA, Feb-S) 1.000 0.938 Bgl X (E.
coif) - Periptesm c beta-giucosi dase precursor | CKWC SVA A VSI AL
QPALADDLFG (891X) 1.000 0.999 MKW.C SVA A VSLAL QHALADI ELT (BglX-VL3-CL,
Feb-8) 0.999 0.999 MKSCLC SVG A VSLAL QPALAQVQLK ( BglX- VH CH, Feb-H) 2. 000
0.996 ArgT (E cob) - Lysine-arginine-ornithine-binding periplasmc protein
precursor  WESIpHEALSEofMGHS TAMBEAALBET t.1080:0; 82 9MYRSH-4ALSL LVALS

TAMS | ADI ELTaa égtga-\f:lg a%é %a8g330_acglc_;t’ atclf'gpgnlg)ﬁ‘a&B ?50~501a3. aag ot tta foa got t ogg te-37). The

PCR-fragment was cul with Ndel and HindIll and inserted inte NdeUHindll-cut pBW22
{(Volff et al., 1996, Mol. Microbiol. 21, 1037-1047) to create plasmid pBW22-Fab-H

5 {Figure 1) containing the rhammnese inducible rhaBA4D promoter (SEQ ID NO, 1). The
same PCR-fragment was inserted into the diffarent expression plasmids with inducible
promoters. The reselting Fab-H containing (putative) expression plasmids are pBLL13
containing the prp promoter, pBLL14 contaimng the guid promoter and pBLL13
containing the melAB2 promoter (Figure 2). The sequence of the Fab-H insert of plasmid

it pBW2I2-Fab-H was confirmed by sequencing,

Example 3
Expression of Fab fragment ‘
15 Stramn W3110 (DSM 5811, Deutsche Sammlung von Milroorganismen und Zellkulturen

(b, Braunschweig, Germany) was transformed with the different expression plasmids.
The plasmids were isclated from clones which resulied from the different transformations
and checked via restriction analysis. Except plasmid pBLL14 all piasmids had the expected
restriction pattern. The re-isolated piésmid pBLL14 showed an altered size and restriction

20 pattern which was suggested to be due to recombination events. Therefors strain W3110
{(pBLL14) was not tested in the following assays. The remaining sirains were tested for
their ability to seorets zotively foided Fab-H antibody fragments. This productivity test was
performed as described in example 4. The following inducers were added in a

conceniration of 0.2 %

.25
pBWI2-Fab-H | L{+)-Rhamnose monohydrate
pBLLIZ Sodiumn propionate
pBLL13 D(+F-Melibiose monchydrats
D{+)-Raffinose monoiydrate
30 DiH-Galactose

The resulis from the dot blot experiments are shown in Figure 3.



0.947 MKKS|I LALSL LVGLS MAASS | AQVQLK (ArgT-VR-CH., Feb-3.) 1.000 0.960

Mal S CE. poll) - Al pha-anyiase precursor MKLAA CFLTL LPGFA VATOMS (nai d)
1. 000 0.794 M csAk CFLTL | PCFA VAVELT(Mal5-V.L3-(41,,Fab-H 0.998 0.995

MEI AK CFLtTL Lparh VAQVQLK (MalS-VH CR Feb-H) 1.000 0.990 HisJ (E. colt) -

Hi sti di ne-bi nding periplasm c protein pgecursor 1, r2acv LSLSL VLAFS SATAA
FApapo (Bistn 1.000 0.994 MYI KLV LSLSL VLAFS SATAA FADI EM Feb-H) 1.000
0. 957 NEELY I7Ht SkirMsAlRISh 8ATAA n kAR V(2RI 6 §-BW2 G- HiFadd- #9111, 000

{pBLL15) showed promising dot blot results: ncreaging signals over time and almost no
background activity. The portion of actively folded antibody fragments was quantified via

ELISA. The results are summarized in the following Table 1.

5
Plasmid Inducer 8 h [{1.5/12h 1 22/25 0 | 22/25h
induced | uninduced
in TG1F- ;
oMy S-HuCAL-Fab-H PTE nd Nd 88.64 i 84.586
' |
in W3110 ! '
oivixg-HUCAL-Fab-H - LIPTG nd Nd 140.58 8.14
nBW22-Fab-H { Rhamnhose | 176.88 259,56 328.682 §.52
pBLL13 Propionate | nd 0.84 0.90 3.94
pBELL1S Meliblose 2.89 145.10 504.28 4.28
Table 1: ELISA results of the W3110 derivatives with the different expression
plasmids. The time after induction is indicated. The uninduced cultures after 22
or 25 h wsre measured as uninduced conirols and the results from strain
10 W30 (pMx9-HuCAL-Fab-H) and TGIiF - (pMx9-HuCAL-Fab-H) are used
as refersnces. The Fab-H concentration is given in mg/100 ODgo/L (n.d not
determined)

15 Al strains grew well without any growth inkibition in the presence or absence of the
corresponding inducer up to Olgge between 4 and 6. The expression plasmids pBW22-Fab-
H (comtaining SEQ ID NO. 3) and pBLL15 Jed to the highest antibédy fragment titers after
overmight induction. The melibiose mduced sirain W3110 (pBLLLS) showed a delayed
increase in the formation of aclive antibody fragments compared 1o the thammose (pBW22-

20 Fab-H) induced systen.

The rhamnose inducible sirain W3110 (pBW22-Fab-H) was tested in the Respiration
Activity Monitoring Svyetem (RAMOS, ACBiotec, Jilich, Germany), & novel measuring
system for the on~line determination of respiration activities in shalke flasks. In comparison
25 tp the normal shake flask experiment the antibady titer {which was measured via ELISA)
doubled (703.64 mg/L/100 ODggo after 23 h of induciion). The optimised growth using the

RAMOS equipment favours the production of active antibody fragments.

Example 4

30 Melibiose induction in shake flasks



0.998 Xyli: (E. coil)D Kyiose-binding periplasm c protein precursor MKI KM
| LLTL CT= LTMVA AMAKEVKI ( Xyl F) 1.000 0.996 NRI KM I LLTL CTSLL LTNVA

ANADI ELF ( XyLF-VL3-CL, Feb 1.000 0.992 MKIKM =IL CTSLL LTMVA AHA() VOLK
(Xy1lF-VP-CH, Fab-H) 1.000 0.996 FecB (E. cob) - fron(l11) dicitrate-binding
penpl asm c protein precursor M_AF/ LEA GLLLV | SSAF AATVQD (FecB) 1.000
0.975 NI AFl RFLFA GLLLV | SAAF ADI ELT (FecB-VL3-CL,) 1.000 0.989 N AFl RFLFA

GLLLV | SHAF M@—Wﬁ(iﬁ%ﬁﬁﬂ(ﬁ%ﬂf@ﬁhﬂS whas Q040088 Qapacity 1o produce actively

33 The foll 0\%151&% )i nati ons_wer t]

F?ﬂls-é a%gboay ?ragmants. Oven:ugﬁm g'u t%?e% ?11 NYB mediom (10 g/l fryptone, 5
g/t yeast extract, 5 g/l sodinm chioride) supplemented with 100 ug/ml of Ampicillin, 37
*C1 were diluted (1:30) in 20 mi of fresh giyocerol medivm (a8 described by Kornz of al,,
5 1995, I Biotechnol. 39, 59-83, whereas the vitamin selution was used as descrived by
Kaulla et al., 1983, Arch. Microbiol, 133, 1 and ncubated at 30°C. Melibose (0.2%) was
added when the cuifures reached an ODgge of about 0.4, Samples (1 ml) were taken at
different time mtervals, centrifuged and the peliets were stored at -20°C. The frozen ceils
were fysed according to the above described ivsozyme treatment and the sapematants were

10 analysed in dot blot and ELISA assays. 504,28 mg/L/100 ODgey of functional Fab-H

antibody fragments were obtained.

Example 5
Occurence of high moiecalar weight ageregates
15 Inorderto find out if high molecular weight aggregates are produced, western biot of
extracts of strain W3110 (pBLL1S), which showed the highest antibody titer (Table 1), was
conducted using the anti-human Fab-H + AP conjugate. The culture was performed as
described in example 4. Samples were taken after 9, 12 and 23 hours after induction with
melibiose. Lower concentrations of high molecular weight sggregates correspond to kigher
20 ftiters of fumctional aniibedy fragments. The choice of the expression system seems 1o

influence the way in which the antibody fragments are formed: functional or in aggregates.

Example 6
Infinence of signal peptides
25 The genome database of B. coli was used 1o look for useful signal peptides that could be
vsed in combination with the Fab-H fagments VL3-CL and VH-CH, The signal sequences
from periplasmmic binding proteins for sugars, amino acids, vitamins and ions were chosen.
These periplasmic proteins represent a relatively homogeneous group that have been more
extensively studied than other periplasmic proteins, Since they are generally abundant their
30 signal seguences have to ensure an efficient transport over the inner membrane infe the
peripiasm. AU possibie signal peptide Fab combinations wers checked for their sequence

peptide and cleavage site probabilily using the SignalP web server



- LanmB-VL3-CL (Maltoporin precursor) - Ml E-VH CH (Mal tose-binding protein
precursor) - Bla-V13-CL (Beta-lactamase) - TreA-VH CH (Periplasmc

trehal ase precursor) - ArgT-VL3-CL (Lysine-arginine-omthine-bindirig
peripl asndc protein precursor) - FecB-VHCH (lIron (Da) dicitra -binding
peripl asnarc protein precursor The geng fusions to generate signal peptide
(SP) to VU-CL and VH CH fusions were carried out with overlapping POR

primers and b, SHATRL kiteloLokRG-NOh bpui g AIPLILAGa! 10 Bo,gl‘%%ﬁfb V8110

Pri n'erTerrpl a eFrognmen LCanB-VL - "arnS-5 &en

| anB- SP | arna~ VL3-5 VL3-3 pMk9- HUCAL- Fab- H S-S VL3 CL ianB-5 VL3-3 | anB-SP
/ VL3-CL | anB-VL3-CL Mal E-VH-CH nul E-5 mal E-3 Genomic DNA of E. con W110

mal E- SP nal E-SghaChentite 3 pMk9- HUCAL- Fab- H VH- CH Signal - Max
peptide Cleavage
prob- Site
ability Proh-
abllit

CmpA (E. oofff — Quter membrans protein a precursor

MEETA TAIAN RLAGE ATVAQ A ABPEDH (Omphl 1,000 0,883
MERTA TATARY ATAGE ATVAQ A DIELT {(OmpE-VL3-CL, Fab-H) 1.000 0.%71
PhoA (E. cofff — Alkaline phosphatase precursor

VEQST IALAL LPLLF TPVIX A RTEEM (Phoh) C.9%¢ 0.765
MEQST IATAYL, LPLLF TPVIK 2 QUVOLK {PhoBR-VE-CR, Fab-H) 0.89% 0.784
PelB (Erwinfa chrysantemiy — Pectate bvase precursor

MESLI TRITA GLLLA LSQFL L& ATDTG [(PelB)] 1,000 C.989
MRALT TPITA GLILA LSOPL LA DIELT {PglB-VL3-CL, Fab-H) 1.008 0,998
MESLI TRITA SLLLA LSQPFL LA QVOLE {PelB-VH~CH, Fab~R) 1,000 0.e9B
PeiB (Erwinia carclovora) ~ Pectale lyase precursor

MEYXLL PTARA GLLLL AROPAE MR ANTGE {PelB} 1,600 1.000
MEYLL PTARR GLLLL AAQPA MR DIELT (PelB-VL3-CL, Fab-H)  1.000 1.000
MEFLL PTAAR CLLIL AAQPA Ma OVQLE {Pa]lB-VE~CH, Fab-H) 1,000 1.000

Pel Manthomonas campestris) - Peciate lyase precursor

MRPEFP STLAA ASLEV GELLV IGVAE A DPALE (Pelm) 1.000 0.993
¥EPEF STAAR ASLFV GSLLV IGVAS A DIELT [PelB-VL3-CL, Fab-H) 1.000 0.983
MEPKF STARR ASLFV GSDLLV IGVAS A QVRLE (PelB-VH-CH, Fab-H) 1

000 G.z8E
Land (B, coli) - Maltoporiz precursor (Lasbda receptor protein)
MMITL RELPL RVAVE AGVMS AQAMA VDFHEG {LamB) L. 060 0.875
MMITL RELFPL AVAVA AGVMS afaMa  DIELT (LanB-VE3-CL, Fab-~H) 1,006 G.979

MMITL RELPL AVAVA AGVMS apama  QVOLE {(Lamd -VH-CH, Fab-H) 1.000 0.5BS8

MalB {8, coli) - Maltose-binding protein precursor
WEIXT GARIL ALSAT, TTHMMF SASAT A EKIEEG (MalE;

MEIET GARIL ALSAL TIMMF SASAL A DIELT {(MalBE~VL3-CL, PFabh-H)

L.000 ©0.85¢

1.060 0.378
METEY G&REL ALSAL TIMMF SRSAL L QVCOLE (MalBE-VH-CH, Pab-I 1.000 0.588¢
Bla (pBR3I22} (E. coli) - Beta-lactamese
MSIQH FREVAL IPFFA AFCLP VFA HPETL {(Bla) 1,000  1.0G0
MEIQOH FRVAL IPFPA AFCLP VFA DIELY (Bla-VL3-CL, Fab-H) 1.000 1.000
MEIQE FRVAL IPFFA AFPCLF VPR QUVQLK {Bla-VH-CH, Fab-H} L.G00 0,889

ith



mal E-5 VL3-3 mai E-SP |
of E.
bl e-SP 1 VL3-CLI
treA-31WB110 treA-SP

VH-CH mal E- VH- CH Bi a- VL3-CL bi a-5 bl a-3 Genoni ¢ DNA

coi I'bi a- SP WB110 bl a-VL3-5 VL3-3 pM9- HUCAL- Fab- H S- SvLs-CL |
bi a-VL3-CL VL3-3 TreA-VH-CH treA-51 Genonic DNA of E.

treA- VH CHpMk9- HUCAL- Fab-H S-S VH 31 VH CH

bl a- 51
coi l

treA-51treA-SP 1 VH CH VH- 3I treA—VH-CI_;)lZArT-VL-reT-5Genornic DNA of coil a

T-SP 34

OppA (£, colil — Periplasimic oligopeptide-binding arotein
MTNIT KRILV BAGVL ARTMA GNVAL & ADVER

{OppA) 1.000  5.5%¢
MTHIT KRSLY ARGVL AALMA GNVAL A DIELT {CppA-VL3~-CL, Fab-H} 1.000 D.91%
MINIT KROLV AAGVL AZLMA CNVAT, A QVQLE {OppA~VH-CEH, Fab-H) 1.000 0.584
TraA (£, col) — Periplasmic trehalase precursor (Alpha-trehaiose giucohydrolase

MESPA PERPQ KMATI PACTIF LCEFAL

TEVOA EETEV [Tred) 1.000 §.%8¢
MKSPR PSRPO KMALI PACIF LAFTAA

LEVORA DIELT |TreA-VL3-CL, Fab-H) 1.000 0.8B81
MKSPA PSRPQ KMALI PACIF LOFAR

LSVGA QVQLK {TreA-VE-CH, Fab-H)  1.000 0.28%
Mpoh (&, coll) ~ Periplasmic murein peplide-binding protein precursor

WMKHSV SVTCC ALLVE SISLS Ya BEVES {MppA) 1.000 0.943
MEESV SVICC ATIVS SISLS YA DIELT {(MppA-VL3-CL, Fak-H} 1.000 (.%06
MRHSY SVICC ALLVS SISLS YA UVOLK {MppA-VH-CH, Fab-i} 1.000 0.838
BglX (2. ooff — Pariplasmic beta-giucosidase precursor

MEWLC SVEIA VELAL (QPALA DDLFE (Bgly) 1.000 0,399
MEWLD SVEIA VSLAL QPALA ODIELT (BgiX-VL3~CL, Feb~HE) 0.299 0.985
MEWLC SVGIA VELAL QPALR OVQLK (Bgl¥X~-VH-CH, ¥Fab-H} 1.000 0.8%6
AeaT (E. coli} — Lysine-arginine-omithine-binding periplasmic protein precursar

MEKST LALSL LVGLS TAMSS ¥ ALYET 1,000 €.9229
MEKEI LALSL LVGLE TAASS YA DIELT (BrgT-VL3-CL, Fab-f) 1.000 §.847
MEKST LaLSL LVOLS TAASS Yh QVQLE (ArgT-VH-CH, Fab-H) 1.60C  0.960
Mals (£ coll) - Alpha-amylase precursor

MKLAA CFLIL LDGFA VA ASWTS (M2l§) 1000 0.7%4
MELAA CFLTL LPGEFA VA DIELT (Mal8-VL3-CL, Fab-H} 0.828 0£.393%
VAR OFLTI, TRSTE VA QVQLE (MalS-VRE-CH, Fab-H) 1.40G0 0.880
Hisd (£, cofi) — Hislidine-binding periptasmic protein precursor

MEXLY LSLSL VIAFS SATARL Fa BIPCW (Hisd) 1.000  0.9%94
MEKLV LSLSL VLAFS SATAR Fh DIELT {Hisd-VL3-CL, Fab-H) 1.400C  0.857
MEETV LSLSL VLAFS SATAR FD OVOLE (HisJ-VH-CH, Fab-H} 1,000 0,988
XVIF (&, cofi} - D-Hylose-binding periplasmic profein precursor

MEIKN ILLTL CTSLI. LTNVA AHA KEVEL (XylF) 1.G0G 0.998
METEN ILLTL CTSLL LONVA AHA DIBLT {HylT-VL3~CL, TFab-E} 1.000 0.892
MEIRN TLLTL CTSLI. LTHVA ARR OVOLE (MylP-VH-CH, ¥Fab-H) 1,000 0.9586
FeoB (E. calf) - Iron{lll) dicitrate-binding peripiasmic protein precursor

MLAFT RFLFA GLIIV ISHAF 2 LTVOD (FecB) 1,000 §.875
MIAPL RFLFA GSLLLV LEEAF A DIBLT {(FecB-VL3-CL, Fab-H) 1.000 0©.989%
MLAFT RFLEFA GLLLV ISHAF A OVOLE (FecB-VH-CH, Fab-H) 1.000 0.9%90



argT-3 WB110 argT-VL3-5 | VL3-3 prvix9-HuC. A L-Fab-H V1, 3-CL. argT-5I
VL3-3 argT-SP 1 VC&t. argT-VL3-CL FecB-VH CH fect3-5 fecB-3 Genorni c DNA of
E. coif . WB110 ecB-SP fecB-VH CH VL3-3 p M9- HOCAL- Fab-H S-S Vri-CH .
fecB-5 VL3-3 tecB-SP / VHCH fecE-VH CH The fusions of the signal peptide
sequences with the VL3-Cl_, and VII-CHssequences were perforned as

descri bed el sewhere (Horton, EM., Hunt, ED., Ho, S.N., Pullen, .T.K and 5
Pease, L.R ((b989)ywkngi needidatighshybrchdeagenes wi t hout the use of restriction
enzynes: gene splicing by overlap extension. CGene 77, 61-68). The
SP-1/13-CL genes were cut with restriction enzynes Nder and Pstl and

li gated. into Ndel | P$thB-FUd-ChpilMRoamptequst® pl5117. The resulting pl asnids
were cut with Pstl apgMagidtd mgselgi@gkggtcgrpprg’cﬁsgg} H nd111l cut 5P1/71-CH
genes. Since the integration of the TiL3-CL and fecB-VH CH genes was not 10
possi bl e dnly the FabiaYeXpr &s&iitnFasm d contai ning the |ani.B4213-0; and
mal E-1711- CH genes .qoul ¢ be dbestethic vhhdl@btre@rbAL3- CL/ t nal E- 17H CH

expressi on plasm d cont a{'ini ng t he rhannose_ i nd.u%i bl e praonoter (1)Al1CLd4)

was obtai ned. The | anf8 {7t GFREFEDDY T BRFGBABSPATEHS Wer® i sol ated from
plasm d pAl CL. 15 (exafpkenr7) as ,41711/H ndlla fragment were ligated into

Affalr-BOT-cut nBL k%aéé?\fﬁ%fiek%n Pfﬁﬁ&‘zg‘zéa%-birlféiggu gla’e%pﬁ}ismalg pdrotein Precursor
16
The gene fusions to generate signal peptide (SF) to VL3-CL and VH-CH fusions were

carried out with overlapping PCR primers and are summarized in the following

amplification Table 3

Primer | Tempiats | Fragment
amB-V0L3-CL
larmB-5 Genomic DNA of £ colf famB-SF
farmB-3 W3110
lamB-vL3-5 PMxS-HuCAL-Fab-+-5-5 V0L3-CL
VE3-3
lamB-5 lamB-SP / VL3-CL lamB-vL3-CL
V19.3-3 .
aiE-vH-CH '
maikz-5 Genomic DNA of £ coff malE-3F
malk-3 W3110 .
malE-vH-CH oMxO-HuCAL-Fab-H VH-CH
VH-3
malE-5 maik-5F [ VH-CH malE-vH-Cirl
VIL3-3
Bla-V1.3-CL
bla-5 Genomic DNA of £, coff big-SP
bla-2 Wat10
bla-VL3-5 pPMYO-HUCAL-Fabh-H-5-5 V1.3-CL
VL33
bia-5 bla-3F | VL3-CL bla-vL3-CL
V13-3
TreAVH-GH
treA-5 Genomic DNA of £ coli treA-SF

CtreA-3 W3110
fraA-VH-CH oix8-BuCAL-Fap-H-8-5 VH-CH
V-3
{red-o frepA-5P / VH-CH traA-VH-CH
V-3
ArgT-VL3-CL
arg1-5 { Genomic DNA of E. coll largT-SP




15illustrate the | ani S-P13-CL/ nmal E- VH-al expression plasm ds pAlLL14 and
pAl C L15E. Exanple 7 Influence of translation initiation regions on Fab
expressi on The Fab-H genes of plasm d p..4-1E14 (contai ning SEQ HD NO. 4)
and plasm d pAKI. 20contain the sane DNA sequence 5 of the start c.odon
(translation initiation region) whereag,in the original plasmd

phl x9- HUCAL- Fab-H the translation initiation regions of both Fab-H genes
are different. [&gggnpari son of theWi@osiation rnitiafion regions sequences
of plasm d ph/U¥Q7RuECALLFab-H and pAkCEL4EpAH-25E 1s showblin the fol | ow ng
Tabl e 4: 25 pMKS:HuCAL- Fab- HonpA- P13- CL _aaggccaaaaaat. g
pha. 4-171- 1- CHa?{?agaaaat aaa atg 3BPAPCLI4FPAKL- 15E afB Fra-L3- CL
aggagat at acat at gagat.at-acatatg b5The productivity..of stralnW110
(pAKLI 4) was te a_ﬂ'gishahn f!ask: as anﬁr- hed-.i-hn nxarrglsn 4—The strain
grew wel | in th&S l‘aesence or absen,% 181?” EVhdimtde. THE weans t he
producti on of F% Moded—rot—nft+ue MQLHUQA!I@HHIg«$y off ity cetTs. As shown
in Figure 5 theg g@ Tot results | poked prom sing. 10To anal yseithe
presence of nonfdGUCT bl € hi gh nol eetH-aF / eliaght aggr egadces/HacWest ern bl ot
was performed (IMigare 6). Althoughihigh nol ecul ar wei ght aggregates appear
after an induction tinme of 5 hours their anount only slightly increases
after 23 h. e .non- | uce | t sho | lLe nds whi ch
m ght be due h8 f\ésm%se Srl‘%mé) ]i%!:fde s&unnc \I‘l%utﬁd%B AP Gf‘%!"ll—ll%rf{ é’%ﬁdeg%%r ?gspondl ng
FLI SA val ues ariengil \aeﬁﬁsm’med Heevhek Ifﬁéwmong‘RTfébH@tlfﬁB frabiH Fobmc ehtauat i on

/ L/ 100 ' : A DapTies 6.k nduced
(my/ L 100 1%%%9%&% 4§1 SOEUIRA A S8l MDLNAUGR D AQ-A D108 genk NClUCE

splicing by overlap extension. Gene 77, 61-68). The SP-¥L3-CL g°n°s were cut with

restriction enzymes Ndel and Psil and ligated into Ndel/Psdl cut pPBW22 and into pBLLY.
The resuliing plasmids were cut with Psfl and HindIl and lgated to Ps/¥/HindII cut 5P-
FE-CH genes. Since the integration of the bla-FL3-CL and fecB-FH-CH genes was not
16 possible only the Fab-F expression plasmid containing the lamB-VL3-CL and malE-VH-
CH genes could be tested. A lamB-VL3-CL/inalE-VH-CH expression plasmid containing
the rhamnose inducibie promoter (pAKILL4) was obtained. The lamB-VL3-CL/malE-VH-
CH genes which were isolated from plasmid pAKLIS {example 7) as AfI/HRdIE
fragment were ligated into AFI/Hndll-cut pBLL7 to obtain pAKLISE, Figore 4 and &
15 illustrate the lamB-VL3-CLAnalE-VH-CH expression plasmids pARKIL 14 and pAKIL15E.

Example 7

Influence of ransiation initiation regions on Fab expression

The Fab-H genes of plasmid pAKL14 (containing SEQ ID NO. 4) and plasmid pAKLISE
20 contain the same DINA sequencrz 5" ol the start eodon (trenslation initiation region)

whereas in the original plasmid pMx9-HuCAL-Fab-H the transtation initiation regions of

both Fab-H genes are different. A comparison of the translation initiation regions

sequences of plasmid pMxS-HuCAL-Fab-H and p AL 14/pAKLISE is shown in the

following Table 4: '

pMES-EuCAL-Feb-H  ompd-VL3-CL  gagggoaraas atg

el

phod-VH-CH  aggagaaaztass  aig



23h | induced i uninduced in WB110 Rhamose 1 29.04 1 267.48 i 308.40 |
596. 14 2.84 The new signal peptide constructs (in conbination wth the
nodi fied translation initiation 20si anis) again increased the antibody
fragnent titer from 328.62 ng/L/ 100 01) 603 (plasm d pBW22- Fab-H whi ch
contains the MOR gene construct fromplasniiii pM9-HuCAL- FabH) to 596. 14
ng/ L/ 100 Mac (plasm d pAKL1l4) and to 878.86 ng/ T/ 100 OD600 (plasmd
p_AXL15E). The sequencing of the |amB-P13-CL and ntal E-1/1-1-CH genes in

pAl CLI A reveal ed t/hr ee base exchgnges whi ch are sugposed to be due to the
construction o tHEP2EHIAT on t I§SEGASECut '9e PCR, reactions. The

base exchanges led to the fol I;;awmcazm ngeaelfdechanges (the wong am no
aci ds are enphasi zed): VD-CL (pAKL14) - pl = 4.85

MM TLRI CLPLAVAVAAGANSAOANMADI ELTQPP SVSVAPGQOT_ARI SCSGNALGDK 30 YAS WYQQLNT
CQAPVLVI YBDSD&QS@MWWU P REGTQABEDEARYY: shake flasks as described in

CQSYDSPQWE 1, (P O.ric the
AVTVANKADSSPVRACET THRSKORRRI VRASSYL ST TREOIRS LYacdl v/ 1 1 B B oEKTvAPTEA
production of Fab-H did not influence the viability of the cells. As shown in Figure 5 the

dot biot results locked promising.

16 To analyse the presence of non-reduciple high molecular weight agoregates a Western blot
was performed (Figure 6). Although high molecular weight aggregates appear afier an
induction time of 5 hours their amount only slightly mcreases after 23 h. The non-induced
culfure shows high molecalar weight bands which might be due to a weak unspecific
background production. The corresponding BLISA values are given in the following Table

15 5 (Fab-H concentratior (mg/L/100 ODsoq) in lvsomyme extracts of uninducad and thamnose
induced strain W3110 (pAKL1I4))

| Plasmid ! Inducer [5h 1 7h |12h 123k 23h
' indnced unindnced
in W31i0 Rhamnose |26.04 §267.48 [30840 [59614 |2.84

The new signal peptide constructs (in combination with the modified tranglation nitiation
20 signals) again increased the antibody fragment titer from 328.62 mg/L/100 ODgng (plasmid
pBW22-Fab-H which contains fhe MOR gene construct from plasnnd phx8-HaCAL-Fab-
H) to 596,14 mg/L/100 ODgge (plasmid pAXTL 14} and 10 878.86 mg/L/100 ODggo (plasmid
pAKIL15E). The sequencing of the lamB-VL3-CL and malE-VH-CH genes in pAKLL4A
revealed three base exchanges which are supposed to bs dus fo the construction of the
25  fusion genes by two consecutive PCR reactions. The base exchanges led to the following

amino acid changes {the wrong aminoe aclds are emphasized):

1.3-CL (pAKL14) — pl= 4.85
MMITLRKLPLAVAVAAGVMSAGAMADIELTOPPSVSVAPGQTARISCSGNALGDK

30 YASWYQQNPGQAPVLVIYDDSDRPSGIPERFSGSNSGNTATLTISGTQAEDEADYY
COSYDSPQVVEGGOTKLTVLGOPEAAPSVTLFPPSSEELGANKATLVCLISDFYPG




VH CH (pAKL14) - pl = 9.52 5

MKI KTGARTLALSALTTM \ 7SASALAQVQLKESGPALVI CPTQTLTETCTFSUFSLST
SGVGVGWM QPPG KALEW.ALI DWDDDKYYSTSLKTRLTI SKDTSI C_NQWVI TMIN
VDPVDTATTYCARYPVTQRSYNI DVWEQGTLVTVSSASTKGPSVLPLAPSSKSTS
UGTAALGCLVKDYFPEP\ TVSWWBGKLTS GVHTFP AyLQ S S GALY' S LS S WTVPSS S
LAITQTY!I CNVNHKPSNTKVDKKVEPKS 10 The Ilght chain of Fab-H carries two

m st akes (11.5GN4vk06SdNpvandtreTheayyochak Asone antaeraakdy @xpehange (Ft
56P. To restQN% i{)}% ﬂl %I nal Fab-1-1 sequence two fragnents fromplasmd
pAKL14 (138 bﬁLﬁr SeX AT 4+ and 310 bp BsisH I/H ndill fragnment) were

exchanged agai nst the hom)l ogous fragnents of plasm d pBW22-Fab-1-1 (which
carries the :IV%J&Q@ F%b gj—;zgene sequence). The resulting plasmd pAKL15
carries the corre Séguence. The exchange of the three am no acids

had no appar e EﬁﬁEﬁtMMMﬁﬁ@SMQF@bKEﬁ@MMWSTM JTEBGFHE TPl was
unchanged. T oD t ,,[%pduce
functi onal Ftaé%bﬁf\gﬁﬁﬂ%%gg@%tm bk At t OSQ@Je Si A

C ragments was suppose ilar to strain
WB110 ( pAlI CL mf’\éﬁﬁ%‘s@%‘@%%ﬁmf WoQCThE T Falbr HEARE VBB SEEagrent

productivity m&d&vmgﬁeﬁrmgmm@»tﬁg@ﬁ@bs@@ﬂ%ﬂs@%t«%s%t rategies.

The foll ow n& Tabl e sunmari zes the inprovenents: Strain | nprovenent i
Concentratio ﬂﬁﬁé’ﬁw FW %\[ EHEgh- Hi ncrease Anti body (mg/ L1100 DO)
TA F s- (pvk9- HUCAL- Fa - iviOR strain' 84.56 WB110 (pM9- HUCAL- Fab- H)

Strai n backgr. ug%{]% %%bl% 1 llols%ap%? ggol\lﬂ pression system
( Rhamose) 3 e GETPBELT Pt ‘?@’Fﬁéﬁw VBT °BY ose)
amino acid exchange (F156L). To restore the onginal Fab-I sequence two fragments from
plasmid pAKT.14 (138 bp SexAlVBaml and 310 bp BssHI/Hindlll fragment) were
exchanged against the homologous fragments of plasmid pBW22-Fab-H (which carries the
15  unchanged Fab-H gene sequence}. The resulting plasmid pARL1S carries the correct Fab-
H sequence, The exchangs of the three amino acids had no apparent effect on the overall
Fab-~H properties since the pl was unchanged. Therefore the capacity of strain W3110
{(pAKL15) to produce fumctional ¥ab-H antibody fragments was supposed to be similar to
strain W3110 (pAKT.14) and was not analysed.
20
The Fab-H antihody fragment productivity could be tncreased by using different

eptimisation strategies. The following Table 6 summarizes the improvements:

Strain Uimprovement Concenirafion of Activity
funciional Fab-H increase
_ Antibody {mg/l/100
i OB 600}

TGAF'- (pMx8-HUCAL-Fab-H) | MOR strain 84.50

WIT10 (pMx8-HuCAL-Fab-H) | Strain background | 140,45 1.7

W30 (pBW22-Fab-H)} Expression sysiem | 328.82 138
{Rhamnose) .

W3110 (pBLL1E) Expression system | 504,28 )
(Melibioss) |

W30 (pAKL14) Signal paptide 506,14 7
Transiation
(Rhamnose)

W3T10 (pAKLIEE) Signal peptide 578.86 10.4
Transiation
{Melibioss)




504. 286 WB110 (pAKL14) 1 Signal peptide Transl ati on (Rnamose) 596. 141 7
WB110 (pAKL15E) Signal peptide Translation (Mliblose) 878.86 10.4 37
Sfrai ns which produced high Fab-H anti body titers were anal ysed via
SDS- PAGE (Figure 7). The highest functional Fab-H concentrations were
measured in strains which produce a bakanced anount of Iight and heavy
chain (lanes 4 and 5). The rharnnose inducible strains 5 which carry the
Fab-H fragment such as WB110 (pBW22-Fab-H) (lane 3) strongly overproduce
the |ight chémmm\EmampﬁamﬁhthﬂbﬁegéOMWdu&Wﬁ@mmhwﬁgthéEﬂﬂﬁémﬁgm@E Coi
WB110 carryi ) 1. apacity to
ggppé FRL A RO BRI o B AR L 80 Ut B SRR

produce acti anti %/ fragments. ernlgﬁ;t cultures [in
NYE nedi um (jzganmfalmtoyﬁpttoéﬁéﬂ arg hgayy s tlanesdere 5)- Bhgyhamugstip iR grs de)

suppl emented WWick, Bard OR QL O ARSI i0pRB72- %H)W%@S)Qﬁdnukred (1150) in 20

m of fresh glycerdl nedium (as described by Kortz et al.

Bi ot echnol . 3¥Pr8Ycee ighe@as the vitam n sol ution was used as 15descri bed
by Kulla et al., 1983, Arch, Mcrobic!, 135, Land incubated at 30C

Mel i bose (0. Z2gmwa$ added when the cultures reached an ODboo of about 0. 4.

Sanples (1 ml\)[eﬂy)\ﬁg n&%@ﬁ‘;ﬁhaﬁ'daﬁﬁr ent tine intervals, centrifuged and the
pellets were tored a frozen cells were Iysed according to the

above desét i b%ﬁ’le\y%ﬁﬁyﬁ&@aﬁﬁ%ﬁdﬁéﬁ@%@%ﬁﬁ@ Wepgest At AR £ BB Feraial ysed i n
SDS- PAGE and il ShyasSay.st enfihey ﬂ'@r&eﬁds 05 (fmwaﬁm @ﬁ@@tn@@w(zw;ch carry the

Fab-H genes with the altered es (lant nal E- VH CH)
showed the hi'gHE: ° EABE SFCh gégff’af“i“?‘é‘ﬁ)@d? ‘F%Pé’?"@e%tj’ I”gﬁ‘Lu Pand heavy

chai n of Fab-Ahpienie, Jrafueedii (eqt)at Q(amuuﬁta g()&rgmﬁeﬁmﬁx)(as dexabyplse 9
|t racel | ul an R edoldson. o AL Redy ol (AGIRYLS QUL 08 WaSL LT al ns provi de

mut ations in %ha‘t i oreadoxin tJotas ut at'hi one
r educt ase 1f g. Bro)ibglendsyia enhdhed. ﬁg:ndﬁf serbfol. dés. ﬂ)@mﬁmﬂ@ﬁtn@@t%"ﬁ Maibogrer mi t

protein fol d'(@.@"'\@astaja@cdhﬂfé{m @;@k@!megyga&fahmmT&a&qm e Lied(hgRkeds CL and
VIl - CH genes Wt hout S| gnal de redgl ons the follow ng Opl‘l rrers wer e
used: taken at different fime mtsrva 8, C"‘I’mfﬁge and fhe peliets were stored at -20°C. The

fozen cells were bysed ageording to the above desoribed lysozyme freaiment and the
supernatants were analysed in SDS-PAGE and ELISA assays. The melibiose inducible

20 strain which carry the Fab-H genes with the altered signal peptides (lamB-VL3-CL/malE-
VH-CH) showed the highest Fab-H antibody titers (Table 6). The Light and heavy chain of

Fab-H were produced in equal amounts (Figure 9).

(xample 9
25 Intragellular production of antibody fragments
QOrigarmi host strains provide mutations in both the thioredoxin reductase (fuf) and
slutathione reductase (zor) genss, enhancing disuifide bond formation and permit protein
foiding in the bacterial cytoplasm. To constroct the VL3-CL and VH-CH genes without
-gigmal peptide regions the following primers were used:
30

F-VL 5"-aza cat ate gat ato gaa ctg ace cag-d’ (Ndel restriction
site)
3-CL 5"-aaa ctg cap tia tea gge ofe agt oge-3° {Pstl restriction sits)

5. VH 5-zaa cig cag gag ala tac ala ige agg tgo anttga 237 (Psil restriction site)



30 5'-aaa cat at:, gat ate gaa ctg acc cag-3'(Nclel restriction site 3 -CL
5'-aaa ctg cag tta tca ggc cte agt egg-3' (Pstl restriction site) 5 -VH
b'-aaa ctg cat gag ata tac ata tgc agg tgc sat tga(Pstl restriction site)
38 3 '-CH 5"-aaa aag ott tta tea got ttt egg tic-3'restriction site) The
correspondi ng VL3-CL and VH CH genes weg e anplified and checked via 5
restriction analysis The Ndell Pstl cut "VL3-CH fragnent was integrated into

Ndel i Pst1 cut spbasyiagh RaMP2: icalhenresil i ng plasm d was gt wikifliPst 1 and
Hi ndlll and Il ated to the PsaffibiciDl cut VI-I-CH fragrrent to get

pl asni dpl KL6.5Phe plasmi d was transformed into the Origani strain and
strain WB110 as a reference. The productivity of the strains WB110 ( pl KL6)

d Oi ' | CL6 shake f| .des bed I
3o anal ys P RE BRESENEE oF U ORAT “SrFBOMS T UGETS and |
non-r educi bl ecdicghn melyec Thadav@kfht \/B@@F@g@hﬁﬁw& Megiierinobl ot was
performed. Bofhy sty a;{i?gmlhﬁfgﬂ]éé ﬁ}le rga!:dﬁig%ﬁ%izl }{l\r?s wﬂla}l’sﬁ N1 ibedy fragments.

Strain WB110 accurru ecul gregates w th increasing
i nducti on ti rass Lgargte @J@)’Jofﬂﬁ@ﬁl@a@Wf'1®Mntg%ﬁpim@3m@§es not produce any

anti body fragnBpSw.: Thecakd 8RSk Hg: éu%énmaﬁ{% 1% g agLf‘ér%ﬁEe' n the

follow ng Tabl e (Fab-H concentration | ysozyme extracts

of uni nduced %d’lqdﬁﬁ’ﬁ%%féhelgﬁﬂ%%féi%ﬂt@&? @W%@Eé{b@ﬂaﬁﬁ%%ﬁ WB1 10
(PTILLG) ) 10 Pl sasid Esik AEbebadih Blantpie24h 240 i nduced uni nduced I Origam |

To analyse the presence of functional antibody fragments and nonreducible high
molecular weight aggregates a Western blot was performed. Boik streins herdly
produce any functional antibody fragments. Strain W2110 accumulates high
molecular weight aggregates with increasing induction times (W3110) whereas the

15 Origami strain does not produce any antibody fragments. The corresponding ELISA
values are given in the following Table 7 (Fab-H concentration (mg/L/100 ODge) in
tysozyme extracts of uninduced and rhamnose induced strains Origami (pTEILE) and
W3110 (pIKLe):

Plasmid Inducer 7h 111k [24h [24%
induced uninduced ]

Orlgami 1 ‘

pJKLé Rihamnose 5.24 5.86 1054 12.50

W31l

pJKILG Bhamnose 2.73 5.34 5.2 2.83

it
Example 10

Rhampose induction of a single chain antibody (scFv, 81) in shake fiasks

The scFv gene was isolated via PCR using the primers 5-8 (57-aaa cat atg aas {ac cta itg oot
25 acg ge-3") and 3-81 (57-ana aag ot act ang agg aga cge-37). The corresponding S1 protein

containg a PelB signal sequence which is responsible for transport of the protein to the

periplasm of £ coli. The PCR-fragment was cut with Ndel and HindIIl and inserted mto

Ndel/Hind[T-cut pBW22 to create plasmid pBW22-pelB-81 containing the rhamnose

inducible rhaBAD promoter (Figure 10). The sequence of the §1 insert of plasmid pBW22-



1 plKL6 Rha nose 1 524 6.86 10.54 2.60 WB110 | palL6 Rhani nose
12.73 5.34 5.2, 2.83 20

39
pelB-S1 was confinmed by seguencing. Strain W3110 (DEM 5911, Deutsche Sammlmg
von Mikroorganismen und Zellkulturen GmbE, Braunschweig, Germany) was transformed
with plasmid pBW2Z-pelB-§1. The plasmuds were isolated from different clomnes and
verified by restriction analyéis. E. coli W2L10 (pBW22-pelB-51) was tested for its capacity
5 to produce soluble S1. Overnight cultures {in NYB medium (10 g/ tryptons, 5 g/l yeast
extract, 5 g/t soditm chioride) supplemented with 100 pg/md of Ampicillin, 37 °CJ were
diluted (1:50} in 20 ml of fresh glyoerol medinm [as described by Kortz ot al., 1995, 1.
Biotechnol. 39, 39-63, with the exception of the vitamin solution {(as described by Kulla et
al., 1983, Arch. Microbicl, 135, 1} and mcubated at 30°C. Rhammose (0.2%) was added
10 when the culfures reached an ODgge of gbout 0.4, Samples (1 mi) were taken at different
time intervals, centrifuged and the pellets were stored at -20°C. The frozen cells were tysed
sccording to the above described lysozyme treatment and the supernatants and insolubie
profein pellets were analysed via SDS-PAGE (Figure 11} and Bioanalyzer. Most of the 51

protem {mg/L/100 ODggn) was produced iu the sohibie protein faction.

Example 11

Counstruction of & broad-host-range rhamuoose expression plasmid for Pseudomonas

and related bacteria

The following cloming experiments were perfonmed in Escherichia coli IM109. The broad-
20 hosi-range clening vector pBBRIMCSE-Z (NCBI accession number U23751) was ont with

Agel/Nsil. The lacZ e gene was deleted and replaced by the cligonucieotides 3802 (57-tgt

1aa cig cag pat cea age #a-37) and 3803 (57-cog gta age tig gat oot gea git asc atgca-37) o

gat plasmid pJOE4776.1. The rhaRSP fragment was pravided by plasmid pTKS408

{unpublished) which contains the genomic thaRS fregment (2 kb) of Escherichia coli

o]
Uy

IM108, Plasmid pIR 5408 was cut with BamHVHindIH and Hgated fo the Bami U Hindlll
cut eGEP fagment (0.7 kb) of plasmid pTST10! {Stumpp, T., Wilms, B., Altenbuchner, I
(2000): Ein neves, L-Rhamnose-induzierbares Expressionssystem fiir Escherichia coll.
Biospectrum 6, 33-36]. The rhaRSPmall-eGFP fragment (4 kb) was isolated via
Ne{l/Hindll from the resuliing plasmid pJOE4030.2 and integrated into Nsil/Hindlll cut
30 pJOE4776.1. Plasmid pJOE4776.1 (Figure 12) contains the rhaBAD promofer region in
cornbination with the genes of the regulatory proteins RhaS and RheR of the rhanmmese

operan, of Escherichia coli in a broad-host-range plasmid backbone.



Exanpl e 10 Rhammose i nduction of a single chain antibody (scFv, Si) in
shake flasks The seFv gene was isolated via PCR using the priners 5-S
(5'-aaa cat atg aaa tac cta ttg cct 25 acg de-3') and 3-Sl1 (5'-aaa aag ctt
act acg agg ana cgg-3'). The corresponding SI protein contains a PelB

si gnal sequence which is responsible fgg transport of the protein to the
peripiasmof E colt. The FOR-fragnent was cut with Nder and Hindlll and

i nserted int@x%ﬁﬁkﬁiﬁndffi-eut pBW22 to create piasm d pBW2-pelB- Sl
containing t e rh romoter (Figure 10). The
sequence of ?ﬁ@mgfe gFP g?“%?%?fngm‘eﬁﬁﬁp pel B-S1 was confirned by
sequenci ng. Smaammsvﬁmi@a(@Ew%ﬁgklmﬁlﬁeﬁﬁ@@WéHSHMWD@hgﬁﬁdﬁi%@HéWﬁbrganisnen
and Zel | kul “%%&‘ &Pﬂxﬁtﬁ&!ﬂ%ﬁﬁ%{ QI’OE@?’EE &ea%%s&ﬁd%&q% ni.edy &b plasmd

pl 3VB2- pelB- asm ds were iso fromdifferent clones and
verified By rle@meaet w@wbémdﬂa%fp grompier é%gm \}\@Mmaéﬁﬁé Rp2vperrsedt) was
tested for itgy Iptmﬁz walpzﬁpﬁ;e@@te%@pu’@m@bm e aiehtreUdifdmes [in

NrY[ B medi um (10 g/l ptone, 5 g/l yeast extract, il gchlori de)
suppl enent ed nﬁsrﬁnioe“l /‘i‘ﬁ“ﬁ'fwﬁﬂ’i‘rﬁ?%ﬁfslsl { tradaypnie) Puidq é{qw@?ﬁ%@ nﬁ “50) in 20
m of fresh ghygee oﬂmﬁiﬁ@hgumd asltegotshhe diddy zKosiuzer eGmal, ;Blaiiﬂﬁlﬁf{mgz

B ot eel ol Saersd Spoatebeble IO 600l Al iama selubran(as
30C. Rhammos eXI(lﬁmél%Kms Bddeeoto patverK T-RéAcuhEUre svar eaehéd itarp@D500 of
about 0 Sanpl &3 I&&CB%Q{‘LZ% r(?vel;‘iaalﬁe glé%fes %f“nfﬁ%mﬁx‘ ’1%&}{3'55&{ @B@é?t rifuged

and the peIIet were stored rozen cell’s viere Iysed accordi ng
to the above d&strs géle@muys@ioyﬁ@ sppRiemeRish tiBnd Lele ok hiperngtaltt ! ¥Hd

i nsol ubl e pr oggiA ﬂ?@ol Bl %i‘ﬁﬁ%&ﬁv@&?&i)&ﬁ@%ﬂ“@ &E&@A@Eﬁoﬁhgﬂr@ kdgy, and

Bi oari al yzer._Most of the_ S proteln ( L/lOO 26¥P g&g&gﬁeg in the
sol ubl e prote?ﬁ”ﬁW@cﬁ16%63f§ ESEARPP O™ oA EPP o C@ﬁ Badrhdst - r ange
rhammose expr @ss¢sonaphasicniseti,f ok, @ﬁ@wdmw Mdffnahzatreﬁbabaet Brid-The

fol | owng cl o :“F’lg)ﬁgé% r)l'\gggéécdw n%héac% ‘ﬁ/ﬁg %S hFaboSth')'?g‘ §d%k}ies (IEMJ‘OQ The

broad- 20 host [“ont Ag VEct accessi on nunber
U23751) was cut) mrnﬁmﬁgatﬁwmﬁﬂm?ﬁ@ﬂh&c@%ﬁ@@ﬁ@ﬂﬁé@Eﬁ%ﬂ%@@@ﬂﬁﬁﬁ%ﬁ@dﬁaced by

the ol i gonucl %ﬁégeﬁe%sswé@%q%émmﬂgm B8 Gl @@gﬂ\ggﬁ 9 AR bapiibnsand 3803
(5'-ccg gta agc ttg gat cc tt aac atg ca- fo get
pIasnldpj0E47W@@¥mb$ﬁ@h%$%$é§6 - was prOV|ded by plasmid pll C5408

(unpubl i shgd) which contains the genom c rhaRS fragnment (2 kb) of
Escherichia cqoil 1 ML09. Plasm dpl KS408 was cut with Bam il |l Hni dDl and
ligated to th&EEaFI¥i I Hindl || cut eGFP fragnment (0.7 kb) of plasnid
pTST101 [Stunmpﬂmﬁh%eﬂﬁhﬁﬁmcBaﬁﬁﬁhﬁﬁﬁbﬁﬁhﬂ@ﬁﬁﬁﬁnu@ﬁﬂﬁﬂ%ksEn neues,

L- Rh EX I h

L Ranmose | idizysbaces. By el gt em b CE e A Al hoee
vi a Nr|IIHIndﬁmoWn@@umﬁbmne@ﬂ%ﬂﬁhg%pkggmﬂﬁmHQ@EﬂéBOmgmaw@ﬁwﬁt@gméﬁ%d into
N il 30, Q0B 418t 3501, zRICEAT ity Egiiied 2 SRkl NS he

rha73, 4D pronoter region nbi nati'on W th genes of the regulatory
prot ei ns RhaSPragdr] F%W?dﬁée ?Wa?%%@‘@p@?f@ﬁﬁ}éﬁﬁ EeRaf I%l‘*@“ﬁdﬁ ina

br oad- hOSt-raﬂ@@m@h?$ﬁ%ﬂmﬁﬁ&&99ﬂﬁfﬁmﬁ@mﬁéﬁgp&ﬂ'ﬁﬁﬁﬁma@nmﬁeﬂwnduﬁhm@n of a
nitrilase in shake

| asks The nitril ene wa nd BanzH
from Pl asmi d pBEESNE RPLMAFPOTEFEREn "2"68%?1 @i@gr g@ﬂnsvgftebg %d @8}133@5? nHl - cut
9JOE4782. 1 t 0 h@ahel phias Imudhpjéééd Eaaalm@mmm|m theeds BLEFemiose).
i nduci bl e rha ronot er, 0|f X 1 Bl I r med
with plasnid ﬁ@%ﬁ”ﬁ%pgﬁmln %%@gﬁ Eﬁj@?@ g“%ﬁr %wgﬁﬁﬁgﬁﬁé?ga?gglated
from di f f er entOchonesiliared | méfY$medLmyﬁ$eéﬁr@@m1Gmﬂaﬁaﬁyﬁmngﬁéwéﬁwnonas
putida KT-2440, g@?ﬂ%@ﬁent%ﬁh?%hﬁw&{%@ oMl door,gan f@rrﬁl%wmd

Zellic.ul turen rauns was transforned wth the

(ool ated pl aoniit-pkeRE (EGRIELCH i KK ad( BAECEPDYS. PebutGbhas
putida KT-2440 (pAKLP2) was tested for its capacity to produce nitrilase.
Overnight cultures [in NYB nedium (10 g/1 tryptone, 5 e/l yeast extract, 5
g/ 1 sodium chloride) supplenented with 50 nghtil of Karianmycin, 30 C were
diluted in 20 mMl of fresh glycerol nmedium|[as described by Kortz et al.,
1995, J. Biotechnol. 39, 59-65, with the exception of the vitamn solution
(as described by Kulla et 15 al., 1983, Arch. Mcrobiol, 135, 1)] to an

() Dow of about 0.1 and incubated at 30C. Lrhannpose (1.0 %9 was added when
the cultures reached an 0D600 of about 0.25. Sanmples (1 m) were taken at
different tine intervals, centrifuged and the pellets were stored at -20C
The pellets were resuspended in Tris/HCl-buffer (50 nM pH 8.0) and the
cell suspensions were anal ysed via SIDS-PAGE (Figure 14). 20 Exanmp |.e 13



L-rhamose i nduction of a fragnment anti body (FabM in shake flasks The

Fab- M gene was cut with Ndel and Baml-11 from plasm d pBW22- Fabl vl and
inserted into Ardei/BannEl | -cut p. TOE4782.1 to create plasm d pAl CLP1
contai ning the L-rhannose 25 induci ble rhaBAD pronoter (Figure 15). E. coli
XL].-Blue was transformed with plasm d4pAlCLP1 as an internedi ate step. The
pl asm ds were isolated fromdifferent clones and verified by restriction
anal ysi s. Pseucdoipnithe gtirida ki @4d8cbRSh BIR 5] 2LDEUE stvhie M3apntluiig. von

M | t r oor gani ylt " S

t ransf or rred ; %aﬁu@qﬁu Zlu’L{‘ EHC{ ﬁ&bg‘g@gﬁ? _i'_{ﬁ%%ﬂ g%nlg) /}C#Js@@cf&{lwn\‘&@

XLI bl ue( pAl C&E@_t)ﬂtur@(rﬁﬁh@tﬁﬁd?ﬁmﬁ aprugt § @I%\ SI@PQ&MOT)IQ ﬁﬁIe@KEJPif)th%ﬁ t8st ed for

its capaci ty “I'[é?va?sr 0duGEFahr M pe%‘t@ﬁl%%kd%ﬂlb@"@r@% Liids HOYBsageidam (10 g/ |
tryptone, sodi um chl ori de) suppl enent with 50

% Eeast extract e(?

ag/m of KananyHCHbuBoEP midradl %ip)i ‘ﬁfiéw cefl QRepPIIFRS e #RBER YE1 e ofs medi um
[as describedpby-f@rtz et al., 1995, T. B otecimol. 39, 59 65 with the 41
exception of the vitam n solution (as described by Kulla et al., 1983,

Arch. Mcrobial, 135, 1)] to an OD600 of about 0.1 and incubated at 30C.
L-r hamose (]Ez;@mpﬁ)lliwas added when the cultures reached an OD600 of about
0.25. Sanple i nI Sy, wEeRL i fuged
and the pell f;‘ég}were & gﬁdg}g’%&ﬁ%%&Télregécziﬁdlps%%%&%sggstpeﬁlde in

5Tri s/ HClitbufcklpde n(SE:GferﬁMnt:pHm 0) and the cell suspensions were anal ysed via
SDS- PAGE (Fi g, z?”ﬁg ol EXBIP) §ad fansformedl A ﬁ%ﬁhﬁb@\i\@ﬂ%&@@(ﬂYT&%m| on using

an Escherichla co secretion systemin_high 10cell density fernmentation
Escheri chi a. &t isolgigd Fom welreet %‘fﬁ@‘f leﬁ%%"ﬁvmtrﬁtﬁp‘ééﬁ?’é’m ﬁéé\ri‘@ﬁgﬁyé’i% S1. The

pl asnuds wer eusédsfblr%'%@* feﬁ&%&ii fref.@itire€ hoBes: ant wes mfougs:{ecbyerﬁ es;rgzrel ction
anal ysis and one, clo sed for Thither e %erl ment s cultures in
cula c g

snake flask wekES fb %f é?f ?ﬁ"g‘f‘oﬁ‘ﬁ‘fe © Pre-CUUEF SRF 8% %iuﬁonza 5 Bat ch
phase nedium feepre:le mletelgrcevm&rdasgefd Ttoozaf sridghuke A tiensiyy R0ncbtatiGfrorivbni er
Cell's were grown, a r n Si.Lg | S § akion

regi ne. Sanpl bea?pbﬁc(ﬁq) 9 he cu?%‘ﬁ%@et %r% (?gféenrthg& I%:?tl%{% ﬁéﬁégﬁﬂtl me points
before and af ﬁ:@rrmqshmdmsg Ceilihmre‘é@@ﬁm Get| ‘Rt SEfaratedutiegyen at
fermentation fegiumg @é c%?&taﬁkwgﬁaﬁp@»@ by HO c@lo@ee%mé% c&%e@&a&mlas of

sanpl es fromthe cell free fermentation nmedi um show . ﬁr ot ‘"P? band at
28,4 hE wi th Preneast HgSdemsTiy N TRISES grtei s PLAhs ¢ hwg&cé BFO3Ht | body
2081 rel eagedsf £:08:8 REm IFOMWAGE Gkt Bkt AEOnihe) hahe l@akitdrieditum A

quan 1 0aC1 8, 0SSl BEOL L0 ST Bl D 80001 o, 2400, 8, gapal yoer
OD600 Si pr ot @i Bcciulbdre: ﬁempn‘@nl gliilon Bretd abtierin Nenferhaseon hdihcztfﬁf«‘bn Aft er
| ysozyme tr ealienl. Aluldf L6k gio%é Sl dN\2 dNSOLHD) B RLALEI, ga%tggyiﬁt

cont ai ned onl Yy races o ro elrn er eas tFIe S elrn
fracti on (supewtrtedrn)y t@s@w@m&iaﬂ@m vhees thepplsble Prridrahd o 6HresEghdi ng to

about 1 9/Js/ 100,006 chmé §§§rogziﬂgﬂdﬁc§ cob@dpondifiZo Gl VBL/100 ODegs (see Figure 17).



A vector expressible in a host conprising the rhaBAD pronoter region of the
Lr hacmose operon operably linked to a transcriptional unit conprising a) a
nucl ei ¢ aci d sequence which is heterol ogous to said host b) a translation
initiation region upstreamof the igptiation point of the translation of
said transcriptional unit, said translation initiation region consisting of
t he sequence AGGAGATATACAT (SEQ ID NO. 2), wherein said translation
initiatdqpkegion is operably linked to said nucleic acid sequence and the
expression of said nucleic acid sequence is controlled by said pronoter
regi on and wherein said rhaBAD pronoter consists of the sequence SEQ I D No.
1, a S%quef‘ﬁ%ﬁs}ﬁéﬂ% RORNL ﬁ%%%ﬂ%ﬁﬁimgﬂ@@ N APRbSofehREBRLr mand wher ei nsai d
transcriptional unitturther conpriseSa signal sequence operably linked to
said nucleidmwGMdcweqmemm@bWh@ggwm¢§@meB@E&@ﬂVﬁWﬂ@$§Egnal sequence i's

sel ected from signal,.. i ner L inding proteins for sugars,
am no aci ds,” vit HP%%P§ﬁ%&ﬁ%%§Q&%£§%ﬁ%&%ﬁ@?%%ﬁg%kgﬁg?n]1, wherein said

nucl ei ¢ aci d)sequeangatien dddkaion segpnl uppepni dithe Mitiaries polat elothe BRISERER m 1,

wherein said nucl ei ¢, aci d.sequence_ e des. an . [ - tor of

cl ai m 3, wherein® ﬁ?%gWHEﬁinié?fﬁ“%%%%&%%gggﬁ@%%%?ag&%gﬁmf%§§ﬁ§%§_ 5. The
vector of clai méa(?umem\ejqn@mAmgzmgr(aﬁmmeom)ght chain of said Fab.
fragment are encoded by a dicjstronic transcriptional. uni.t reas each
chain is operablV&Pﬁﬁ%%ﬂiﬁ%ﬁgﬁPdmgﬁﬁﬁé?g@%ﬁd@ﬁ%&wgnggﬁfadP%%%g 3 i on
initiation regi oRemeft3 2R Me BRSO bOEIPHAMIEC hdig s@uet Y@ptraldd by maid host
conprising the steps of: a) constructing a vector of clai 1-5, Db)
transform ng a prokenteycedien Fdstheriin prid EaPAR Brogrter CPnsiy Yuirh FFRYXSF essi on of
sai d pol ypepti de @@y@ﬁ&h' CUh BrS¥leRAHMUAGESr 88 drahk Befondi ti ons, d)
recovering said pol peptlﬁE romthe cell "culture system 7. The nmethod of
claim 6, mhereasz%@e paLypepthde phedupashad S aniFabfuithagnentapriviier @as t he
heavy and |ight chains of the Fab fragnent are expressed in S%L%iﬁe”
culture system i rsigglisdquenspenerably lipkal topsekpisdip 2010 SEQANYET P St g. t xt

SEQUENCE LI STI NG <1102, ;A% MRREHOEYS: AGin<l20r péptiaBneSriplanmicer
expr essi on systeﬂ?éﬁggﬁkgggé GFEP <160> 4 <170}DPa?entin version 393
binding proteins for sugars, amino acids, vitamins and ions.

2. The vector of claim 1, wherein said nucleic acid sequence encodes a polypeptide.

3. The vector of claim 1, wherein said nucleic acid sequence encodes an antibody.

4. The vector of claim 3, wherein said nucleic acid sequence encodes a Fab fragment.

5. The vector of claim 4, wherein the heavy and the light chain of said Fab fragment are

encoded by a dicistronic transcriptional unit, whereas each chain is operably linked to

said signal sequence and said translation initiation region.



<210> 1 <211> 129 <212> DNA <213> Escherichia coil <220> <221> m sc_featpre
<223> rhaBAO pronoter <400> 1 caccacaatt cagcaaattg tgaacatcat cacgttcatc
Ittccctggt tgccaatgge60 ccattttcct gtcagtaacg agaaggtcgc gaattcaggc
gctttttaga ctggtcgtaal20 tgaacaatt129 <210> 2 <211> 13 <212> DNA <213>
Escheria coil <220> <221> mi sc_featpfe& <223> Translation intiarion region
<400> 2 aggagatata cat <210> 3 <211> 1616 <212i, DNA <213> Escherichia coi
13 <220> <221> , msc_feature <223> Sequence containing rhaBAD pronoter an
ph6A- VH.CH ofvpithet Sorgragneing a polypeptide in a host, comprising the steps of:

a) constructing a vector of claims 1-3,
b) transforming a prokaryotic host with said vector,
c) allowing expression of said polypeptide in a cell culture system under suitable
conditions,
d) recovering said polypeptide from the cell culture system.
7. The method of claim 6, whereas the polypeptide produced is a Fab fragment, whereas the

heavy and light chains of the Fab fragment are expressed in said cell culture system in

equal amounts.



<400> 3 atcgatcacc aatggcccat tcgtaatgaa cagtggcact cttcagtgag gcgat aaata
acaattcagc aaattgtgaa catcatcacg tttcctgtca gtaacgagaa ggtcgcgaat
caattcttaa gaaggagata tacatatgaa ggctggtttc gctaccgtag cgcaggccga
cgttgcacca ggtcagaccg cgcgtatctc cgcg gctgg taccagcaga aacccgggca
ttcatctttc tcaggcgctt aaagacagct tat gaactg gt gt agcggc ggcgccagtt
cctggttgec60 tttagactggl20 atcgcgattgl80 acccagccgc240 gat gcgcet gg300
ctggtgattt360 2/3 LDQOSSPCQQ quence Iis%jngitxt atgatgattc tgaccgtccc
t caggcat cc cggaacgct t tagcggﬁﬁéécggﬁéuemﬁcafﬁ %at¥ccgcgac cctgaccatt
agcagcactc gcggaaga caaagcggat tattattgcc480 agagctatga ctctcctcag
gttgtgtttjigggdégﬁggh;ggagttaacc gttcttggcc540 agccgaaagc cgcaccgagt
gt gacgct gt ttcc%ccgag cagcgaagaa ttgcaggcga600 acaaagcgac cctggtgtgc
ct gat t agcgratt tTEFEPET PGHgEgceHig s Payftffcct 666 ggaaggcagat agcageccce
gt caaggcgglg@gtggagae caccacaccc tccaaacaaa720 gcaacaacaa gtacgcagcc
agcagct at c.fgagect gac gcc-tgagcag tggaagtccc780 acagaagcta cagctgccag
gt cacgcat g aggggagcac cgtggaaaaa accgttgcgc840 caact gaggc ctgataagca
t gcgt aggag-daadtiazadt vgaaacadage actattgcac900 tggcactctt accgttgetc
ttcacccct g t$.accaaagc ccaggtgcaa ttgaaagaaa960 gcggcccggc cctggtgaaa
ccgacccaaazgbctgaccct gacctgtacc ttttccggat 1020 ttagecctgtc cacgtctggce
gttggcgtggggﬁl @%&@gﬁggggccgcct gggaaagccc 1080 tcgagtggct ggctctgatt
gattgggatg atgataagta ttatagcacc agcctgaaaa 1140 cgcgtctgac cattagcaaa
gat actt cga ,gaaat caggt agtgctcact atgaccaaca 1200 tggacccggt ggatacggcc
acct at zat t<2gegcgegtitauvtcct gtt act cagegttctt 1260 atatggatgt ttggggccaa
ggcaccct gg-eEracygbabag cettéagegt cg accaaaggt 1320
>
é:ggacaétt cageanatig tgaacatcat cacgiicatc Tttccctggt tgocaatgoc &0

CCRTUTECCT gicagtaacy agaaggtcygce gaattcagyo gotttitaga ctggtograa 120
tgaacaatt 123
<Z2i0> 2
<2il> 13

<Z1Z>  DNA
<213» Escherichia coid

<220>
<221> mwisc_feature
<223» TTransiation intiation region

<400> 2
aggagatata cat i3

<21i0> 3

<211> 1616

<Z1Fs  DNA

<213> Escherichia coli

<220

<221»  misc Teature

<223 Seguence containing rhaBAD promoter and ompA-vL3-CL and
phoA-VH-CH '

<400> 3
atcgatcacse acaartcage aaattgtgaa catcatcacg ttocatottic cotggitooe 0

aartggeccat ttioctgtca grtaacgagaa ggirocgaat tcaggcgott trtagactgg 120
togtaatgas CaRTLcTiaa gaaggagats tacatatgaa aaagacagct atogogathtg 180
Cagtggoact ggotggiito goracoghag cocapgooga tatcgaacty acccagocoge 240
crtcagrgag Cgrigracca ggucagaccyg Cgoytalcte gigtagtggl §atgogotyg 300

gcgataaata COCQaQCLgy taccagoaps AACCCUYICa GUCgocagit otggrgatit 360



caagcgtgtt tccgctggct ccgagcagca aaagcaccag
gctgectggt taaagattat ttcccggaac cagtcaccgt
t gaccagcgg cgtgcatacc tttccggcgg tgctgcaaag
gcagcgttgt gaccgtgccg agcagcagct taggcactca
accat aaacc gagcaacacc aaagtggata aaaaagtgga accgaaaagc tgataa 1616 <210> 4
<211> 1639 <212> DNA <213> E%ﬁﬁg @3 4 <220> <221> m sc_feature <223>
Sequence contai ni ng rhaDAD pr S%Hﬁ“Faﬁi'Wﬁé“Et and rnal E- VH CH <400> 4
at cgat cacezmegdte cagwtagattgugaac cazeattacgodviatat ettsicoscet ggkt gcc60
aat ggcccat, 416t gtea glagcgagaa ggécg%/%g@%qa%@g@gg%gpia&t&tt agget 09120
tcgt aat gaa caattcttaa gaaggagata taca gattactctg cgcaaacttcl86
ctctggcggﬁﬁﬁéﬁﬁét€§E§$@%b§§%%$§égﬁaﬁé%§%%@éﬂﬁﬁﬁé%ﬁgbﬁtmﬁétaﬁé%aac240
t qacccagceg@@@iab@a@hg:gag&gtga%@@ caggtwagacyGeegs gtalgodse gt ghagcg300

gcaat gcgct ccagea aatcccggg? >80969¢ ca9360 3/3
C

L82038PC06C%%%ﬁ%%5e9??] |ng§% ¥x§ g%ggtﬁaﬁg? at'ga tgaccgtc cct caggcat

cggcggcacg gct gccot agl380
oagct ggaac agcggggcgc 1440
cagcggcctg tatagcctga 1500
gacctatatt tgcaacgtga 1560

cccggaacggg$@g@g@ggmaﬂzc:st@@@m@gqgmmaa@ac@g@qmat¢smaa§@a ti@gcggcac
t caggcggagy 9acsangeqgann. %E;éa%k{a%KgagQP@gg@%%E@Eacgécctg&ia@EécG aggpt gt gact
t ggcggcggc acgaagttaa540 ccgttcttgg ccagccgaaa gccgcaccga gtgtgacgcet
gt t t ccgecGeHGeHGE GHAGBO0F JAtAGTA gEGEUCA ATV At CCtYGEGt gettgatt ag
cgacttttakaaﬁgggaggﬁgﬁ@eaEgaﬁagﬁggﬁaﬁﬁggaqggﬁﬁmgauagﬁﬁgﬁﬁ ccgtcaaggc
gggagt gga ggccgc agca %g (;C%tc&%g ac !_CH cgacccggg Ct%agctaat% cc gcagcta
tct gagcct g acgcctg Q?C 8t c cca agaa C acaa C aggtcacgca
t gaggggagecaccyiagaaa$nos ccgacccada ccotgaccet gacctgtace “t*‘nccggat 10720

Ttagcotyic cacgtotgge gttoocgtas gotgoaticg CCcagoogest gggaaagece 1080

tetgagtguct ggctctgaty gatloggatg atgataagta ttatagcact agooigaasa 1140

cgcgtcigac cattagcaaa gatacticga asaatcaggt ggtgotgact atgaccaaca 1200

tggaccogot ggatacggco acctatiatt gogegegria toctgttact cagegttett 1260

atatgyatygr Ttggggccaa ggcaccotay tgacggttag Ctcagogicg accaaaggte 1320

Caagcotgit ooyttt ccgageagea aaagoaccay cggeggcacg getgecctgg 1380

gCtgccrggt taRAagatiat TUCCCgoaac cagtcaccgt gagcipgaac ageogogcpne 1440

tgaccagegy cgtgcatacs Tttooyggcgy tgctgcaaag cagcegycctyg tatagectga 1500

goagcgtiot gaccgrygecy agoagcaget taggcactca gacctatatit tgcaacgtga 1560

accatanace gagraacacc aaagtggata aaazagtgga accgazaagc tgataa 1616

<21l 4

<211> 1639

<2iZ» DNA .

<?13» escherichia coli

<270

<221> misc_feature

<223> Ssequence containing ehaBAD promoter and lamB-v0L3-CL and

ma ] E-VH-CH

<400> 4

atcgatcace acaattcage aazttgtgas catcatcacg tteatcottte cotggttpee 60

aatggoocat tttoctotca ghtascgagaa gytogegaat foagocgott titagactdy 120

tegraatgaa caattottaa gaaggagata tacaratgat gavtactcetg cgoaaacttc 180

CtCtggeygt Tyccgicgca gogggoptaa Tgicigotca ggeaatgget gatatogaac 244

tgacceagor geeticagty agegtigoas Cagytcagac <gcgogiate togtgtasty 300

gCastgryct gogcgataza tacgogagot ggtaccagea gaatdlcgay Cagocgocag 360



aaaccgttgc
aggt gcacgc
cgcccaggtg
cct gacct gt
t cgccagecg

gccgact gag
at cct cgcat
caat t gaaag
accttttccg
cct gggaaag

occt gat aac t gcaggagat at acat at ga
tat ccgcatt aacgacgatg atgttttccg
aaagcggccc ggccct ggt g aaaccgaccce
gatctagcct gtcgacgtct ggegttggeg tggget ggat
ccctcgagtg gectggetctg attgattggg at gat gat aa
gtattatagc accagcctga aaacgcgtct gaccattagc aaagatactt cgaaaaatca
ggt ggt gct g actat gacca acat guagger@glagatacy gagasst att attgcgegeg
tt at cccgt trrambwaycygttoatet drataggac tgttabggy geckaaggcacacedaggt gacggt
tagctcagcQm&&gﬁ5§4§§%c&kg%ﬁa&g&kaQﬁ&%ﬁ&gngagﬁé ¢9agcaggaaaggcac
cagcggcgge acggctgccc tgggectgéct ggttaaagat tatttcccgg aaccagtcac
cgt gagct gg "HECHGE gUBHEge tFaCE &G YFTGtHE AETHEBIC LG L EGgt gfgca
aagcagcygcc6ttgiat agas-chgageags o L GLOALRYIEG: CegAYCATLRPE! t aggcac

tcagacctatmgttt caacg _tgaaccat aa accgagcaac_accaaagt at aaagaagt
ggaaccgaaamatg%?ggétgéagf%%@ accctggtge gccggaLtag cgactttrat &ggg%gccg '%%

aaaccct gac

tQACAgtyoc

CLggaaggca gatageayce cogicaagds ggoagtgoayg accaccatac 720
cCtCcaaaca sagcaacaac aagiacgodg ccagoageta tortgagoctg acgeotyage 780
agtggaagtc ccacagaage tacagcetgee aggitcacgca tgaggggage accgiggaaa 540
aaaccgttge gocgactgag goctgatand Lgcaggagat atacatatga aaatazaaal SO0
aggtgcacge atcectogeat tatvccogeatt agcgacgatyg atgrttiocy cotoggoict 960
cgoocaguty caattgazag aaagogoccs ggccotggiy asaccgacos aaaccorgac 1020
CCfgacctgt acctLiioog gatitagoct gtccacgtet gogogttggeg toggorggat 1080
togecagooy cctgggaaay coctcgagty gotggotory attgattogg atgatygataa 1140
gtattatage accagoctga aaacgegtet gaccattage amagatactt cgazazatca 1200
QUtggtygcty actatgacca acalggacce ggrggatacg gccacctatt attgogegeg 1260
TLATCCTGLT actcagogtt cttatatgga tgtitgggee caaggoacoo tggtgacggt 1320
tagrtcagey togaccaasg gtccaagogt goticogetg gotccgagea goaamageas 1380
Cagcgyeges acggolgics tgggltgoot gutiaaagat tatttocoygy Raccagteas 1440
cgtgagrtygyg aacaglgEgy cgctgaccay cggcgtgeat acotttccgg cggtgstgoa 1500
aagcagogyge ctgtataged tgageageygt tgtgaccgtg Ccgagiagca gottaggcac 1560
tragacctat attrgeaacy tgaaccatas accgagoaac accamagtogg ataasaaagt 1620
ggaaccgaas agrtgataa 1639

aaat aaaaac900
cct cggct ct 960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



